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ABSTRACT
IV
Coal and gas outbursts are each one of the feared hazards of underground coal mining 
operations, and still contribute greatly to underground fatalities world wide. The nature 
of outbursts and their severity are dependent on several factors. The increased depth of 
mining, type and rank of coal, coal permeability and porosity, seam thickness, mining 
height and rate of mining are some of the widely acknowledged factors. The incidence 
of outbursts is on the increase because of increase in rate of mining and mining in 
deeper seams. The exact mechanism of outburst is still a subject which is occupying 
the minds of researchers and mine operators.
This thesis is concerned primarily with the examination of the effect of sorbed gas 
pressure on the strength of coal. Coal strength changes have been associated with the 
phenomenon of coal outburst for some time and a number of researchers have made 
varying observations of the effect of gas pressures on coal strength. The thesis 
examines the changes of coal strength as a result of the changes in the sorbed gas 
pressures. A specially developed precision drill, developed at the Department of Civil 
and Mining Engineering, University of Wollongong, was utilised to permit drilling of 
coal samples under both normal atmospheric pressure and under confined gas pressures. 
The drill cuttings were used for the assessment of the changes in the particle size 
distribution analysis using a laser controlled high precision particle size analyser.
The study included the influence of increased gas pressures on the maceral composition 
of coal. Gases used in the laboratory tests included CH4, CO2 and CH4 /CO2 mixture. 
Tests were carried out on coal samples obtained from a number of mines in the Bulli 
seam from the Southern Coalfield of NSW and the determination of the gas content of 
the coal for different gases using the gravimetric Sorption/Desorption method.
The following conclusions were drawn:
(1) Gas pressure has an influence on the tensile strength of coal.
(2) The particle size distribution analysis can be a useful tool for predicting the 
effect of gas pressure on coal tensile strength.
(3) Increased gas pressure has some effect on the petrographic features of coal, in 
particular, it appears that the vitrinite content of coal can be easily damaged as a 
result of increased gas pressure.
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CHAPTER ONE
GENERAL INTRODUCTION
1.1 INTRODUCTION
An instantaneous outburst in a coal mine is defined as the violent ejection of coal 
and/or gas away from a freshly exposed working face in a mine. Outbursts may be 
accompanied by an airblast with pulverised coal which may explode if ignited by 
mining operations. The gas associated with an outburst is usually CH4, CO2 or a 
mixture of both, but CO2 usually produce the most violent outburst. The phenomenon 
of outburst is both stress and gas driven, though at some places gas might play a much 
more dominant role. The outburst event duration can extend from a few seconds to 
even minutes in large outbursts. The latter is a series of small outbursts occurring in 
close sequence. The amount of coal thrown out may vary from a few tonnes to 
thousand tonnes with hundreds of thousands of cubic meters of gas released along with 
the coal or following it.
The importance of instantaneous outbursts in an underground coal mine has gained 
interest in recent years as the number and frequency of instantaneous outburst-related 
fatalities have increased. The high rate of production and increased mechanisation in 
the workplace are just two factors which have contributed to the increased accident 
rates in Australian mines. So far more than 650 outbursts have occurred in Australian 
mines, resulting in 21 fatalities.
It is now accepted that both overburden and gas pressures are the main contributing 
factors to outburst occurrence. The proportion of their contributions is influenced by 
such factors as coal type, rank, stratigraphic formation and geological setting. The 
influence of gases on the outburst occurrence has been demonstrated through the total 
elimination of outburst occurrences in panels and headings which are drained of gases.
Although considerable success has been made to reduce the problem of instantaneous 
outbursts, nevertheless, and as can be seen from Table 1.1, the incidence of 
instantaneous outburst-related disasters, worldwide, remains high.
In Australia the seams associated with outbursts include the Bulli Seam of the Sydney 
Basin of NSW and the Bowen Seam of the Bowen Basin in Queensland. The earliest 
report of an outburst phenomenon was at Metropolitan Colliery, Sydney Basin, in 1895 
(Chatterjee, 1982; Ward, 1980), and since then there have been more incidences over
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Table 1.1 Outburst incidences - Worldwide
Country Area Mines
Number of 
Outbursts and 
fatalities
Gas
Involved
Australia Sydney and 
Bowen Basins
Leichardt (>250) 
West Cliff (>250) 
Tahmoor (> 90) 
Metropolitan (37) 
Tower (>19) 
Collinsville (>18) 
Appin (22) 
South Bulli (7) 
[See Table 1.2 for 
more outburst data]
Total Australia = > 
800 to present day
CH4/ C02
Belgium Charleroi 
(closed in 1970)
1190 - between 
1956 and 1963
CH4
Bulgaria Balkans >110 CH4
Canada
Alberta/British 
Columbia (mines 
abandoned in 1960) 
Nova Scotia No 26 mine
360 - to 1932
37 -between 1977­
1984
CH4
CH4
China China All 
Chang-Qing 
Bei-Piao 
Hong-Wei 
Liu-Zi
>17 000 incidences 
since 1950 
596 (195 ltol971) 
950 (1951to 1979) 
211 (1959 tol976) 
84 (1969 to 1976)
CH4 /CO2
Czech and 
Slovak 
Reps
Ostrava- Karvina 
(closed 1970’s)
279 - to 1974 CO2 /CH4
France Cevennes Basin in 
early 1970’s
6245 - between 1899 
and 1964
CO2/CH4
Germany Ibbenbueren -Ruhr 
(7 mines affected) 
N/Rhine - 
Westphalia
Ibbenbueren(189) 
Hugo, Haard
213 - between 1903 
and 1982
240-(1970-1993)
CH4
CH4
Hungary Pecs Basin Mecsek 565 - to 1982 CH4
3 0009 03201155 8
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Table 1.1 cont. Outburst incidences - Worldwide
Japan (Widespread) 1000 -from 1925 to 
1964 21 -from 1970 to 
1980
CH4
Poland Lower Silesia Nova Ruda >2000 C02
South Africa E/Transvaal 
Main Karoo Basin
Twistdraai 5 outbursts between 
18/02/93 and 03/03/94
CH4
Turkey Zonguldak Kozlu-Uzulmez
Karadon
57 incidences between 
1962 and 1993 
321 fatalities 
( Outburst and 
Spontaneous 
combustion related 
incidences)
CHzj7 C02
UK West Wales 
(28 fatalities)
Cynheidre >250 (between 
1907 and 1988
CH4
USA Colorado Dutch Creek few (since 1970’s) CH4
Source: Australia, China, Belgium, Bulgaria, Czech and Slovak Reps, France, Germany, Hungary, 
Japan, Poland, South Africa, Turkey, UK, USA.
the years. The frequency of outburst occurrences has increased in recent years because 
of increased mechanisation and production.
In Queensland, the earliest report of outbursts was in Collinsville mine where in 
October 1954, seven lives were lost and since then there has been a number of such 
incidences. In NSW, the Southern Coalfield of the Sydney Basin has traditionally been 
the most researched area for outbursts and some significant advances have been 
reported with regard to mining practices. According to Shepherd (1995) approximately 
90% of instantaneous outbursts in Australia, and also many worldwide, have been 
associated with geological features of some sort and it is well known that faults and 
dykes increase the outburst proneness of coal. Table 1.2 shows outburst situations 
reported for the Bulli seam (Lama, 1995).
It is therefore obvious that as a coal mining country, Australia has a significant outburst 
problem. The need for continuing research in the field is thus necessary in order to 
control the occurrence of outbursts and the research work reported here represents a 
part of this study program.
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Table 1.2 Outbursts in the Bulli Seam (Lama, 1995)
Colliery No. of 
outbursts
Max. size of 
outburst 
coal/tonne
Type of gas Fatalities Associated with 
geological 
structure
Gas drainage 
status
Appin 20 100
Mostly CH4 
(one with CO2 
on dyke 
C02=76%)
All associated with 
faults/dykes/ 
mylonite,joints 
polished coal, etc. 
In two cases no 
info, some 
association with 
stress?
All at no substantial 
drainage, 
one suspect
Tower 191 80 CH4 ■
All outbursts on 
nylonite except one 
on jointed coal 
suspect, possibly a 
rockburst
All at no substantial 
drainage
Tahmoor 90 400 CO2+CH4
1(1986) All associated with 
dykes/faults
All at no substantial 
drainage
West Cliff 252 400 CH4
1(1994) All associated with 
shear zone or 
faults/dykes
All with no 
substantial drainage
South Bulli 13 120
Mostly CO2 
but also some
ch4
3(1991) With thrust faults* 5 cases suspect,
perhaps not 
outbursts
No drainage
Old Bulli 2 30 CH4 _ Fault No drainage
Corrimal 5 40 ch4 -
Mylonite and shear 
zone No drainage
Kemira 2 100 ch4
- Fault+thrust, depth 
200m No drainage
Metro­
politan
54 250
Mostly CO2 
some CH4 (5­
20%)
7
1895=3
1925=2
1954=2
Dykes/faults on 
thrust zones. Also 
associated with 
blasting.
No drainage
Coal Cliff 1 20 CH4 _ Dyke No drainage
Darkes
Forest 2 10 CH4+CO2
-
Dyke No drainage
Brimstone
+
Oakdale
2 40 CH4+CO2 Fault
No drainage, 
nonviolent outburst
Chapter One-General Introdution 1-5
1.2 FACTORS CONTRIBUTING TO OUTBURST MECHANISM
A combination of three main stress-producing factors contributes to the mechanisms of 
instantaneous outbursts. The pressure from gases present in the coal, geological 
stresses due to tectonic disturbances such as folding, folding and shear zones, and 
stresses induced due to mining activities, are all likely to contribute individually or 
collectively in triggering an outburst in coal. The influence of these factors is 
superimposed upon the virgin stress environment due to depth and constraint of the coal 
seams and surrounding strata.
According to Hargraves (1958, 1983) the following circumstances may contribute to the 
occurrence of outbursts:
1. presence of sufficient quantity of gas in the coal seam,
2. appreciable depth of overburden,
3. local fracturing and partial crushing of coal at faults,
4. residual or current tectonic forces,
5 contortions of the seam, also variations in thickness,
6. steep dip of the seam,
7 dyke intrusions in the seam,
8. low moisture content of the coal,
9. coal of low permeability to passage of gas, and
10. working the seam in a manner which does not allow the passage of gas.
The triggering mechanisms of outbursts are not clearly understood and which of the 
various stress producing factors is the predominant one appears to depend on local 
conditions. It appears that with the greater rates of advance of working faces, the front 
abutment zone will be closer to the face and the gas pressure gradient becomes larger, 
hence the probability of outbursts increases.
1.2.1 Geological Conditions
Outbursts are usually associated with certain major and minor tectonic features in the 
coal deposits, yet the existence of these features will not necessarily mean that an 
outburst is a certainty; the most critical factor is the amount of stress in the rocks. The 
influence of the various geological features is discussed below.
Chapter One-General Introdution 1-6
a) Depth of Mining
As vertical stress increases with depth, it seems reasonable to assume that outburst 
problems become more severe with increased depth. There is a general belief that 
outbursts will not occur at depths less than 180m. This in reality is not the case as the 
incidence of outburst has been reported at depths as shallow as 100 m, particularly in 
areas with shear zones. The outburst at Secunda Colliery, South Africa, occurred at a 
depth of 100 m. In Australia, three outbursts occurred at a depth of 130 m in the Moura 
Mine in the Bowen Basin, in 1982. There are also indications that outbursts decrease 
below 500 m; this is probably due to a reduction in permeability with depth. It would 
therefore appear that no general rule for the relation of outburst with depth is 
universally applicable. Recently Murashov, Zykov and Rudakov (1995), introduced a 
mathematical approach for the determination of a critical depth for sudden coal and gas 
outbursts in Russian coal mines using the following relationships;
Hk = H + 8((H/d - 10)2 +10)1/2 + 1/3 x (V daf -22)2 + 3000 /(F +20)m, and 
Hnck = 7500/(V +6)2 + 3000 /(a +30), m
where Hk = gas factor for determining the critical depth for the occurrence 
of sudden gas and coal outbursts,
Hnc k = strained state factor for determining the critical depth for the 
occurrence of sudden gas and coal outbursts,
H = seam depth from surface (m),
dH = rate of depth increase for the seam between the isolines of gas content 
for 5 -15 m^/t,
dx = 1000 /dH -increasing gradient of methane content of seam from 
100m below surface (m^/t),
V daf = average content of volatile matter in coal seam (%), 
v = subsidence rate (mm/year), 
a = coal seam main angle of dip (degrees), and
F = average fusinite content in coal (%).
Table 1.3 shows the critical depths of occurrence of sudden coal and gas outburst for 
various mines in the Kuzbass region of Russia as calculated, based on the above 
formulae. For other coal mining districts in the Kuzbuss district the authors estimated 
that the critical depth occurred when the gas content of the seams reached 10 nvVt.
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Table 1.3 Critical depth of occurrence of sudden coal and gas outburst 
(Murashov, Zykov and Rubakov, 1995).
District Critcal depth of sudden coal and gas 
outbursts appearance
m
Anzhersky 500
Kemerovsky 250
Leninsky 340
Belovsky 300
UskatSky 200
Prokophevsko- Kiselevsky 150
Bunguro-Chumyshsky 220
Baidaesky 300
Tersinsky 300
Kondomsky 300
Osinovsky 300
Tom-Usinsky 200
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b) Faults and Folds
Coal is usually fairly brittle and is easily fractured. When coal deposits are subjected to 
overthrusting, shearing, faulting, folding and other major tectonic disturbances, they can 
develop a high degree of fracture with low shear resistance. The most important 
geological precondition for outbursts appears to be the presence of fractures and shear 
zones in the coal associated with major and minor faulting or folding. The shear zones 
indicate the presence of excess stress and/or planes of weakness, and the presence of 
pulverised coal.
In Australia, most the fatal outbursts have occurred on faults although paradoxically not 
all faults in outburst prone areas are the sites of outbursts. The types of faults most 
likely to be associated with outbursts have been found to be thrust fault (low angle 
reverse faults and strike-slip faults (Shepherd, 1995). In Queensland both thrust and 
strike-slip faults are outburst prone whereas in NSW the outbursts are associated with 
strike-slip faults. The magnitude of the fault appears to bear no relationship to the 
magnitude of the outbursting. In addition to bituminous coal, outburst can also be 
associated with lignite(ex. Yugoslavia) and Anthracite (Uk and Germany)
c) Seam Thickness
There is no definite relationship between the outburst and seam thickness. Statistical 
analysis of outbursts and rock bursts at great depths in Donbass mines in Ukraine from 
1953-1978 show that 573 incidents out of 1032 occurred in seams less than 1 m thick. 
The outburst rate for such seams was 0.8 per one million tonnes coal output. Seams 
thicker than 2.3 m are unlikely to be prone to outbursts. In Australia, seams greater 
than 3 m are also outburst prone in addition to those occurring in Bulli seam where the 
thickness of coal seam can be less than 3m.
d) Shear Zones and Other Macroscopic Structures
Some fault types are accompanied by shearing of the coal which changes its state to a 
finely sheared mass. Outbursts are always associated with shear zones although not all 
shear zones are outburst prone. Soft coal areas are generally found close to the roof or 
floor of the seam or as discrete zones of varying thickness within the coal body, often 
occupying the whole seam section. The normal coal in the remainder of the seam is 
often hard, shiny, massive bituminous coal, whereas the soft, outburst prone material is 
dull, granular and dirty in appearance. It is possible to recognise a gradual transition 
between the normal coal and the outburst type coal with increased intensity of shearing. 
Mylonitic coal is generally associated with sheared zones in coal. The occurrence of
Chapter One-General Introdution 1-9
associated with sheared zones in coal. The occurrence of mylonite is often an 
indication of outburst proneness attributed to the permeability changes during 
mylonitisation. Figure 1.1 shows typical locations of outbursts and associated failures, 
West Cliff Colliery (Marshall and others 1980). The striking feature of the outbursts at 
West Cliff Colliery is that they are all associated with geological disturbances occurring 
in the coal seam, in the form of shear zones oriented approximately 100-110°.
e) Igneous Intrusions
Experience has shown that igneous intrusions are usually associated with a large 
volume of gas ejection. These gases can be CH4? C02, or a mixture of the two gases. 
Extensive study of the Bulli Seam of the Southern Coalfield of NSW has demonstrated 
this and generally the gas associated with igneous intrusions is CO2 (Hargraves, 1995). 
In contrast, the outburst records from coal mines in Scotland in which headings or 
workings entering areas of burnt coal associated with igneous intrusions, the ejected 
material comprised fine coal powder and large volumes of methane (D. Tague,l). The 
effect of igneous intrusions is further discussed in Chapter 2.
1.2.2 Gas Environment
Seam gas pressure, gas composition and gas permeability of the coal are some of the 
important parameters associated with the gas conditions in an outburst prone 
environment. Gas pressures affect the strength of the coal and under the influence of 
excess stress, the gas (methane) /coal system is in a metastable state. Mining operations 
stimulate the change of methane into a gas phase and the resultant increase in gas 
pressure triggers the outburst. Seam gas pressure is therefore important and the 
desorbable gas content can be measured more easily and by using sorption isotherms, 
the gas pressure can be established as shown in Figure 1.2. Proneness of coal is 
generally determined by the level of gas content contained in coal. The level of gas 
adsorbed is dependent on the type of gas and the coal, as in Germany, if the desorbable 
seam gas content is less than 9m^/t, the coal is not considered prone to outbursting. In 
Russia and Ukraine, outburst prone seams are found to contain between 15 and 25 mVt. 
In the UK, outburst prone coals contain in excess of 9m^/t, whilst in Australia, the 
critical value of gas content for outbursts CH4 gas is greater than 9m^/t and for CO2 is 
about 6-7m3/t. Table 1.4 shows the values of methane emissions from coal mining for 
a number of countries.
1= D. Tague, private communication, (1995).
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a
2.4 m 211 mm wide zone 
containing 26 joints
Figure 1.1 Typical location of outburst and associated failure, West Cliff Colliery, 
Australia (Marshall, Griffith and Lama, 1980)
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Figure 1.2 Average desorbable gas content of coal at 30°C as a function of gas pressure
(Paul, 1980)
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1.2.3 Mining Induced Stresses
During mining, stress concentrations will occur at the comers of the solid coal, the 
edges of the workings and at pillars. The pillars and edges of workings may have a 
particularly large zone of influence if the coal seam is overlain by strong or competent 
strata. Room and pillar mining is inherently more prone to outbursts than longwall 
mining though the removal of support pillars is nearly always a completely safe 
operation as the gas should have diffused from them by the time pillar recovery takes 
place. Outbursts are most likely to occur where stress concentrations are highest.
Table 1-4 Recent published values of methane emissions from coal mines for a number 
of countries . ________________ __
Country Coal production 
Mt/y
Average 
depth of seam 
(m)
CH4 emission 
(Mm^/y)
o / c u/g CIAB (1992)
China 987 86 330 7.56
USSR 361 342 . 600 4.83
USA 384 547 300 3.3
Germany 78 356 800 0.97
Poland 148 68 670 1.21
India 64 148 200 0.45
Uk 79 16 500 0.76
S. Africa 124 82 200 0.85
Australia 53 110 300 0.37
Total 20.3
These estimates are reported by the Coal Industry Advisory Board in the USA (CIAB, 1992).
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1.2.4 Coal Properties
In the absence of gas dynamic effects, the strength and elastic moduli of the coal are 
involved in the fracture mechanics of outbursts. Stored elastic strain energy is released. 
Failure is usually brittle (sudden and complete, and without plastic deformation) 
indicating that the strain energy is not being used to distort the strata and a large 
proportion is still available at the moment of breakage. The liability of the coal to burst 
depends on its ability to accumulate the elastic strain energy.
A number of ‘bursting liability’ indices for coal have been proposed by Polish 
researchers studying outbursts in Lower Silesia (Kidybinski, 1980). These may be used 
to classify gassy coal seams according to their outburst hazard. A commonly used 
index is the strain energy index Wet- Wet is defined as the ratio of the accumulated 
elastic strain energy to the permanent strain energy. Wet values can be obtained 
through laboratory experiments or by in-situ evaluations. It has been found that coals 
with a Wet greater than 5 are severely liable to burst. The outburst risk for a whole 
seam may be assessed by taking coal samples from the most important strata and 
finding the arithmetic mean of their indices of outburst liability.
Rank has a bearing on the outburst proneness of coal. In general, high rank coals such 
as anthracites and low volatile bituminous coals are more prone to outbursts than coals 
of lower rank. This is probably due to their greater capacity to sorb gas. As rank 
increases, sorptive capacity increases and permeability decreases. Hargraves (1982) 
suggested a threshold value of 30% volatile matter (dry ash free) for Australian coals. 
Coals with a volatile matter content below this are regarded as outburst prone. 
Unfortunately, these coals are invariably the best coking coals.
1.3 PREDICTIVE METHODS
The various well-known methods of outburst prediction include the following:
a) Exploratory drilling
b) Gas emission rate monitoring
c) Seismic studies
d) Measurements of temperature and gravity change
The eventual aim of the predictive methods is to allow the design and production of a 
reliable outburst alarm system capable of operating during mining without interfering 
with production and giving at least several minutes warning of an impending outburst. 
Lama (1991, 1995), listed a number of different methods predictive of the occurrence of 
an outburst in use in various countries.
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1.3.1 Exploratory Drilling
This method consists of drilling boreholes of diameters of 50 mm to 150 mm, often in 
fan shaped configurations, to depths of at least 5 m from the heading face to investigate 
the local stress concentrations. The length of drilled hole is extended to 15 m and 
beyond in the faulted areas. During drilling, the behaviour of the drill is observed, and 
dynamic effects such as knocking, grating and jamming of the drill rods and emissions 
of gas (blowers) with coal dust are noted. These effects are sometimes known as the 
seam or stress reaction. Figure 1.3 shows the results of 60mm size borhall diameter 
drilling in outburst prone areas. The quantity of cuttings ejected per meter drilled, the 
drilling yield and the size distribution of cuttings were measured. Highly stressed zones 
are likely to cause drilling difficulties and to yield disproportionately large volumes of 
cuttings as the stress is relieved.
1.3.2 Gas Emission Rates
The rate of gas emission from coal is an important indicator of the outburst hazard of 
coal. A number of methods are available for assessing the gas emission characteristics 
of the coal from the gas yields. The earliest technique used in Australia was the 
Hargraves emission meter (Hargraves 1962, 1963), and Hargraves et al, (1964). In 
more recent years, the Polish desorbometer has been widely used by several Australian 
researchers.
With the Hargraves emission meter, Figure 1.4, a 4 gm sample of -14 to +25 mesh 
fraction per 25.4mm(l inch) is taken and gas emission over a period of 1-6 min. is 
measured. Where the gas emission is more than 1.5 cc/gm for methane and 1.2 cc for 
carbon dioxide, then the face is liable to be outburst prone. According to Lama (1995) 
the,desorbometer is not reliable for the estimation of gas content of the coal under 
mining, particularly from the point of view of threshold values. Also the use of the 
instrument and methodology requires that the coal sample be dry and the test must 
commence within 60 s of drilling.
In general the desorption rate is dependent on the following physical parameters:
i) gas concentration at time zero
ii) coefficient characterising the distribution of the gas in the coal, this 
being dependent on coal rank
iii) degree of micro-fissuring or mylonitisation
iv) gas viscosity passing through the microfissures
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Figure 1.3 Results of small diameter drilling in outburst-prone areas 
(Neyman, S/.eeova and Zuberek, 1972)
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Figure 1.4 Emission Value Metei 
(Hargraves, 1963)
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v) elapsed time with respect to gas sorbed (CO2 is desorbed more rapidly 
than CH4)
1.3.3 Microseismic and In-seam Seismic Studies
In Australia, microsiesmic studies have been carried out since 1977 by CSIRO. The 
initial studies were carried out at West Cliff Colliery, NSW and Collinsville State Mine 
in Queensland, and since 1979 by BHP at the Leichhardt Colliery, Queensland (closed, 
1982) and Metropolitan Colliery, NSW.
Figure 1.5 shows typical microseismic wave forms, count rate and cumulative count 
information for a period of microseismic monitoring at West Cliff Colliery 
(McKavanagh and Enever, 1980). The study concluded that under normal conditions, 
microseismic noise increases during active cutting of coal, particularly when mining 
recommences after a stoppage of more than an hour; just before an outburst, a noise 
rate increase tends to occur during temporary cessation of active coal cutting, and the 
noise count was well below the average background associated with normal mining. A 
prototype microseismic monitoring system developed by BHP and tested on a 
continuous miner in the Metropolitan Colliery and, until its closure, in the Leichhardt 
Colliery was reported by Hargraves (1982), and others.
The recent successful reporting of the application of geophysical techniques for 
effective prediction of the occurrence of outburst in coal mines was reported by Styles 
(1995). He reported the application of microseismic monitoring techniques for outburst 
prediction in a number of mines in the UK. By using a network of eight vertical 
seismometers deployed in a 6 km by 6 km array at the surface and closely spaced 
networks over individual panels in Cynheidre Colliery, it was possible to detect, 
identify and locate microseismic activity associated with normal mining activity. Also 
Styles was able to recognise a new type of seismic activity known as ‘O’-type activity 
which was associated with the microfracturing of the coal and emission of gas during 
periods of abnormal face conditions leading to the occurrence of outbursts. Similar 
studies at Tahmoor and Gordonstone Collieries in Australia were reported by Hatherly 
and others, (1995).
Thus by real time seismic monitoring it is possible to study the geotechnical aspects of 
mining and to provide a possible warning of a potential outburst situation.
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Figure 1.5 Microseicmic wave form, count rate and cumulative count information,
West Cliff Colliery 
(McKavanagh and Enever, 1980)
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1.3.4 Temperature Changes
Another less well-known method for predicting outbursts is to measure the temperature 
of the coal face during mining and in boreholes drilled into the seam. A decrease in 
temperature is believed to indicate intensive gas desorption from the coal which will 
occur in zones of increased stress as shown in Figure 1.6 (Lunarzewski, 1982)
1.4 OUTBURST PREVENTION AND CONTROL IN AUSTRALIAN COAL 
MINES
Stress relief and gas drainage are the two most effective means of controlling outbursts. 
Drainage of gas, by drilling from coal seams and surrounding strata is currently taken as 
an acceptable form of outburst control in Australian coal mines. This practice has been 
in place for several decades beginning initially with heading development and later on 
longwall mining. The earliest drainage practices in Australia were carried out in 
Hebbum Collieries, Hunter Valley (Stewart, 1966) some 30 years ago with 43 mm 
diameter holes drilled in the bottom of the 5.5m Greta seam ahead of the heading rising 
to intersect the mudstone band in the coal seam to a distance of 15 m and penetrating 
the top of the seam (Hargraves, 1982). Metropolitan Colliery used three 43 mm holes 
for 30 m and then resorted to 300 mm diameter holes (Ward, 1980; Hargraves, 1968 
and 1982). Other mines utilising large diameter holes included Corrimal, Kemira and 
Tower Collieries. Drainage from longwall faces in Australia was carried out for the 
first time at Appin Colliery and later at Westcliff Colliery. Lama (1980) worked out 
the optimum spacing between parallel holes along the longwall panel based on a 
comprehensive study of the optimum yield from adjacent holes. A bore hole spacing of 
18 m was recommended for Westcliff Colliery longwall panel block. However, the 
success of inseam drainage is dependent on the uniformity of permeability and porosity 
of tjie coal seam section.
In Longwall mining, and in addition to inseam drainage, various drainage techniques 
used include pre- and post-drainage systems. Lunarzewski (1982), reported different 
methods of gas drainage from coal seams and surrounding strata. These include 
drainage below and over the seam both ahead and behind the face as shown in Figure 
1.7. Overburden drainage ahead of the longwall face line is counter productive because 
it increases front abutment pressures as shown in Figure 1.8. Similar reportings were 
also made by Gray (1982), Lama (1980), Wood and Hanes (1982) and Hanes (1995). 
In more recent years an emphasis has been given to long hole drilling (Williams, 1991) 
and hydrofracturing of the deposit for efficient gas drainage purposes.
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The effectiveness of draining gases from coal measure rocks is influenced by the 
geological and physical properties of the rock strata and the composition of the gas. 
These factors and methods of control of outbursts will be further discussed in various 
parts of this thesis.
Stress relief techniques, not practiced much in Australia, serve to reduce outburst 
potential, by reducing the ability of the immediate face to store the energy necessary for 
outbursts. Fracturing of the immediate face ensures that high gas pressures or structural 
stress conditions do not exist in the next cut. Structural stress is shifted to the solid coal 
inbye the face. Gas pressure is reduced by coalbed gas flow through the induced 
fracture system. Stress relief boreholes, 43 to 140 mm in diameter, are drilled into the 
face to mechanically destress the coal by removing large volumes of drill cuttings. Slot 
cut methods which were popular in Europe in 1950 (Me Adam, R., and Westwater, R., 
1958) are no longer practiced in Australian mines.
1.4.1 Hydrofracturing
Hydrofracturing is a method of stimulating a borehole in order to increase its 
production rate. It was initially developed for oil and gas wells and its adoption for gas 
stimulation from coal seams has been gaining interest for the past two decades. The 
technique consists of pumping a fluid into the well under pressure sufficient to exceed 
the tensile strength of the coal thus causing fractures. Sand and other proppant material 
is added to the water with the aim of making the proppants to hold open and maintain 
the fracture open when the pumping is stopped (Jeffrey Jr, 1991). The technique has 
found success in the USA and more than two dozen holes have been trialled in 
Australia with limited success. Basically the technology is intended primarily for gas 
drainage and thus can be used to overcome the problems of outbursts of gas and coal. 
Details of the techniques and their applications are discussed by, Stewart and Barro, 
(1982), Holt, (1991) and Enever, Jeffrey and Vlahovic (1995). According to Lama 
(1991), gas flow rates from hydrofracced wells are highly time-dependent and at least 
three years and possibly ten years lead time may be required for effective drainage of 
coal seams.
1.4.2 Inducer Shotfiring
Inducer shot firing can be very effective in reducing outburst hazards. Blast holes are 
drilled into the face and loaded with charges. Blasting delivers a short intense shock 
wave to the strata, which may trigger an outburst. Stress relief is also accomplished 
whether an outburst occurs or not by the fracturing of the blast area, transferring high 
stress concentrations to an area further in advance of the face. The technique was used
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in early days in some Illawarra coal mines such as Metropolitan Colliery (Ward, 1980), 
however it is not now in use in Australia because of the changes to mining methods and 
economic reality of the mining operation whereby high production and productivity is a 
determining factor for the economic operation of the mine.
1.4.3 Water Infusion
Water infusion, the injection of water at high pressures (7 Mpa), has been explored as a 
stress relief mechanism to prevent outbursts. The water pressure fractures the coal in 
advance of the face and provides for slow relaxation of stress through lateral movement 
enhanced by the presence of the water. The technique is not effective in deeper seams 
because the increased overburden causes a reduction in seam permeability.
Recently, water infusion has been applied to some coal panels which have been 
subjected to seam gas drainage. Water is introduced into the seam through the old gas 
drainage boreholes with the main purpose of increasing the moisture content of coal. 
The pulsed infusion technique is similar in principle to the water infusion method but 
has not been practiced in Australian coal mines for two decades.
1.5 OBJECTIVE OF THE STUDY
Despite the existence of various predictive methods, the problem of outburst remains 
unresolved and therefore a fresh approach is undertaken in this thesis with the aim of 
establishing a possible pre-mining predictive tool for possible outburst control. Thus 
the main aim of the research work includes the following;
(1) to investigate if the strength (tensile) of coal as affected by the sorption gas 
pressure, the changes in the strength of coal being determined by the analysis of
, precision drill parameters. These parameters include drill speed, drilling rate, 
and particle size analysis of the drill cuttings. A laser controlled particle size 
analyser, (range 0.9 mm - 0.05 micron) was used to determine particle size 
distribution;
(2) to investigate, whenever possible, the changes in the particle size distribution 
from samples collected from various distances along the headings from a known 
outburst shear zone, and
(3) to study if the sorbed gas and type has any influence on the changes in coal 
microstructures.
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The ultimate aim is to establish a program of test procedures which can be used by the 
exploration geologists and mining engineers to assess the outburst proneness of a coal 
seam. This procedure can be used during the exploration stage and prior to mining.
1.6 SCOPE OF THE WORK
The content of the thesis is mainly concerned with the experimental laboratory testing 
of the coal samples collected from the Bulli seam in different mines in the Southern 
Coalfield of NSW. Prior to the experimental work, a broad literature survey was 
carried out to gain an understanding of the causes and factors which are thought to 
contribute to the occurrence of instantaneous outbursts in coal mines. Accordingly, 
Chapter One has provided a general introduction to the problem of outbursts in coal 
mines. Various factors affecting outburst have been discussed together with the 
prediction of outbursts. A review of the various outburst prevention and control 
methods are discussed and the Chapter outlines the aim and objective of the thesis 
research work.
A review of the geology, gas composition and outbursts in coal is discussed in Chapter 
Two. Particular emphasis is given to the findings of various researchers. Also 
addressed in this Chapter will be gas content and coal strength.
Chapter Three describes various equipment used and methods of testing carried out for 
the research work undertaken.
Chapter Four provides the experimental procedures and results of the tests undertaken.
Chapter Five contains the general conclusion and recommendation for further work.
A list of comprehensive references and several appendices are presented at the end of 
the thesis.
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CHAPTER TWO
GEOLOGY, GAS COMPOSITION AND OUTBURSTS IN COAL 
MINES
2.1 INTRODUCTION
It is now accepted that mine gases are held in coal partly as monolayers between the 
macerals of coal and partly, in a great percentage of samples, as free gas in the fissures 
and microfractures. The amount of gases retained between the macerals is dependent 
upon coal and gas composition. Accordingly, this chapter is concerned with the review 
of the aspects of coal/gas interaction which may influence the nature and intensity of 
outbursts in coal mines. Particularly the possible effect of confining gas pressure on 
coal strength is considered.
A general description of characteristics of coal in the Illawarra Coal Measures is 
discussed since the bulk of the research work carried out in this thesis was on coal 
samples collected from the Bulli seam. Also discussed is the role of drilling in mining 
and outburst control.
2.2 COAL GEOLOGY AND GAS CONTENT
Coal is formed from different types of plants and from their various parts. As a result, 
it can be an extremely heterogeneous rock. The organic components of coals are called 
macerals. Vitrinite, liptinite (or exinite) and inertinite groups are three groups of 
macerals in coals. Definitions of these groups and theories related to their formation 
are described by Smyth (1990) and Teichmuller, in Stach et al., (1982). Because of 
their process of formation most vitrinite-rich coals usually occur at the base of the 
seam, with inertinite content increasing upwards. The overall petrographic composition 
of the seam depends on the completeness of the deposition cycles.
Outbursts in mines have been strongly associated with petrographic compositions of 
coals, in particular microlithotypes^. Studies by Kim (1977) and Wyman (1984) 
indicated that the amount of gas adsorbed in coal is directly related to the coal rank and 
depth of the seam. It has been suggeste that the vitrinite content of coal is a main 
contributing factor for gas content of coal particularly methane.____________________
1- Microlithotype- is defined as any combination of the maceral vitrinite, inertinite and liptinite in a coal 
grain with less than 5% of minerals. A microlithotype can comprise 1 maceral (e.g., 100% vitrinite = 
vitrinite), 2 macerals (e.g., vitrinite and inertinite = vitrinertite) or 3 macerals (e.g., vitrinite, liptinite and 
inertinite = vitrinertoliptite).
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In discussing the gas resources of the Elmworth coal seams, Wyman (1984) illustrated 
variations in adsorbed methane volume with variations in pressure and temperature for 
coals with different ranks. Wyman reported that adsorbed methane volume increased 
with an increase in the pressure and decrease in temperature. Anthracite can hold 25­
100% more adsorbed methane than high-volatile bituminous coal under the same 
pressure/temperature conditions. Methane is mostly produced in the last stages of 
coalification when bituminous coal metamorphoses to anthracite. This is reflected in 
the sharp drop in the hydrogen content during this stage. Figure 2.1 shows typical 
profiles of the generation of methane, carbon dioxide and water as coal rank increases 
(Hargraves, 1966) and Table 2.1 shows a broad definition of gas generation zones in 
terms of vitrinite reflectance (Shibaoka, Bennett and Gould, 1973; Dow, 1977). Figure
2.2 (Hargraves, 1966) shows the relationship between the volume of methane sorption 
and coal rank. The propensity of gas sorption to increase with increase of coal rank is 
obvious.
Coal sorbs carbon dioxide more strongly than methane and this is reflected in the 
increased percentage of C02 with time in gas released during methane drainage. Figure
2.3 shows typical isotherms for the two gases which indicate the coal has a substantially 
greater capacity for CO2 than for CH4 (Bartosiewicz and Hargraves, 1985; Lama, 1988
and Siahaan, 1990). When conducting tests in mixed gases the volume of mixed gases 
sorbed by a coal was intermediate between the volume of CO2 and sorbed CH4 as
shown in Figure 2.4 (Siahaan, 1990) According to Lama (1988) the volume of gas 
sorbed increased with increasing proportions of CO2 in the gas.
Intrusions, especially sills and dykes, can also result in the introduction of large 
volumes of CO2 into coal seams, causing the methane to be flushed out. Faiz (1993)
investigated interrelationships between porosity, pore-size distributions, gas retention 
capacity and gas desorption rates under controlled laboratory conditions for different 
Australian coal seams. The tests carried out included:
- gas sorption using the gravimetric methods of adsorption and desorption,
- determination of the density of coal,
- coal internal surface area,
- porosity, and pore size distributions, and
- sorption capacity.
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Figure 2.1 General release profiles for methane, carbon dioxide and water 
coalification proceeds (Hargraves, 1966).
Figure 2.2 Methane sorption isotherms at 30°C showing the variation with coal rank
(Hargraves, 1966)
Chanter Twn-np.nlnpv. Gas Composition and Outburst in Coal Mines 2-4
Pressure (MPa)
Figure 2.3 Soiption isotherms for carbon dioxide(continuous line) and methane 
(dashed line) for Appin Colliery coal at 30°C 
(Bartosiewicz and Hargraves, 1984)
Figure 2.4 CH4 , CO2 and mixed gas sorption isotherms for Bulli coal
(Siahaan, 1990)
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Table 2.1 Definition of gas generation zones in terms of vitrinite reflectivity. 
(Shibaoka, Bennett and Gould, 1973;Dow, 1977)
Gas Generation Zone____________________________ Vitrinite Rn %
Biogenic Methane Only < 0.50%
Onset of Hydrocarbon Generation 0.50-0.60%
Onset of Intense Thermogenic Methane Generation 0.70-0.80% 
Maximum Wet Gas (C2-C5+) Generation 1.00%
Onset of Secondary Cracking of Oil to Gas 1.00-1.35%
Maximum (Peak) Methane Generation 1.20-1.50%
Deadline for Significant Wet Gas Generation 2.00%
Deadline for Significant Methane Generation 3.00%
The following observations were made based on the results of experimental 
investigations conducted by Faiz(1993) and other workers:
a) Langmuir volume has a strong negative correlation with ash yield and mineral 
content of the coal indicating that the gas sorption capacity decreases with 
increasing proportions of inorganic material in coal. Also the gas retention 
capacity of coal is markedly decreased by the presence of mineral matters. This 
is clearly demonstrated in Figure 2.5.
b) CO2 sorption mainly takes place onto micro- and meso-pore surfaces hence pore 
volume determined from C02 sorption (VC02) gives an estimation of pores in 
this smaller size range. Similar studies were reported by Walker (1981) and 
Unsworth et al., 1988). For most of the Sydney-Bowen Basin coals studied the 
micro-pore volumes assessed by CO2 sorption are greater than the volumes of 
pores between 0.42 and 50pm indicating that CO2 has the ability to penetrate 
pores even smaller than He can. The volume of meso-and micro-pores is high in 
vitrinite relative to semifusinite and inertodetrinite.
c) During gas sorption tests the value of coal density used for calculating the gas 
content of coal varies with respect to coal type and location. Thus, for each type 
of coal tested the true coal density values, based on testing coal density (He 
density), must be determined from the samples. Slight variation in the density 
values can have a significant affect on the results and represents one of the
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Figure 2.5 Relationship between the sorption capacity and (a) ash yield (b) mineral
content in coal (Fiaz, 1993)
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several drawbacks of the gravimetric testing method. The gravimetric testing 
method of gas content in coal will be dealt with later in this thesis.
d) Sorption capacity of coal increases with rank and decreases with moisture 
content. The increase in gas is considered to be influenced by the increased 
internal surface area or the micro-porosity of coal. Surface area of the coal 
increases with increasing rank
e) Gas sorption of coal increases with increasing fixed carbon (FC%). Fixed 
carbon is a measure of the organic matter in the coal, and therefore is a measure 
of rank.
f) Langmuir volumes show a weak positive correlation with vitrinite macerals and 
weak negative correlations with semifusinite. Ettinger et al.(1966) reported that 
at low and medium ranks, fusinite and semifusinite-rich coals have a higher 
CH4 sorption capacity than vitrinite-rich coals, whereas at high ranks both coal 
types sorb similar amounts. However these findings were contrary to recent 
findings (Faiz, 1993; Beamish, 1995). Studies in the Southern Coalfield of the 
Sydney Basin, concluded that there is little correlation of gas sorption properties 
to maceral content. According to Beamish, (1995) while this was true for Bulli 
Seam, the findings from Bowen Basin, where high inertinite contents are 
associated with rapid desorption were contrary.
2.3 GAS CONTENT AND COAL STRENGTH
A number of researchers have investigated theoretically and experimentally the possible 
influence of retained gas pressure to the strength of coal. The strength of coal is 
considered to be weakened particularly when there is a rapid removal of gas pressure 
due to mining and this may contribute to the onset of outburst. Gregg, (1961), &Gregg 
and Sing (1967) analysed, theoretically, the reduction in the surface area free energy of 
the adsorbent and concluded that gas pressure can reduce the strength of coal saturated 
with gas. However, this finding was not supported by the test results.
Ettinger et al (1952) tested coal hardness, in both air and methane under a constant 
pressure of one atmosphere, and concluded that saturation with gas could reduce the 
hardness of coal. However the reduction in hardness did not mean a reduction in
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strength. The tests of Czaplinski and Holda (1982), using a crushing test and of 
Tankard, (1958) using impact tests, were both laboratory-based tests which were aimed 
at qualitatively identifing the changes in coal strengths due to the influence of gas 
sorption. Ates (1987) reported a different conclusion which was based on the same 
testing results conducted by Tankard. More recently Cui (1990) studied the effect of 
gas pressures on coal tensile strength and bearing capacity of coal, both.tests being 
carried out under both C02 and CH4 gas pressures. Cui’s method of testing for tensile
strength consisted of a Brazilian tensile strength test carried out in a pressurised gas 
chamber with confining gas pressures up to 3000 kPa. Cui (1990) reported no evidence 
to suggest that at saturation state the increased gas pressure reduced the tensile strength 
of coal as shown in Table 2.2. Also the type of gas adsorbed in coal samples did not 
alter the results. Similarly confining gas pressures gradient showed no effect of gas on 
tensile strength of coal. The bearing capacity tests were carried out by indentation tests 
of coal under gas pressure confinement as shown in Figure 2.6. However, Cui reported 
that, by theoretical analysis, coal strength was shown to be affected by the gas pressure 
gradient.
As can be seen from the number of studies conducted worldwide there appears to exist 
a difference in opinion as to the effect of confining gas pressures on coal strength. 
From all the studies reviewed, very little attention was given to the examination of the 
coal structure and any changes that may take place as a result of gas pressure. In the 
opinion of the author, geological examination of the coal is vital for closer examination 
of the influence of gas pressures on coal at the maceral level. One such approach would 
involve the evaluation of the particle size distribution of the drill cuttings obtained from 
drilling preconditioned coal samples under high confining pressure. This approach 
constitutes main part of this thesis and will be discussed in the following chapters.
2.4 ILLAWARRA COAL MEASURES
As a substantial part of the research findings reported in this thesis was based on the 
Bulli Seam of the Illawarra Coal Measures, the following is an account of the geology 
of the Illawarra Coal Measures and in particular the Bulli Seam. Figure 2.7 shows the 
stratigraphy of the Illawarra Coal Measures of the Southern Coalfield of NSW. The 
rank of coal in the Southern Coalfield ranges from high volatile bituminous in the 
southern and western areas to low volatile bituminous in the north eastern parts of the 
coalfield. These coals contain variable amounts of gas, comprising mainly methane and 
carbon dioxide and their mixtures.
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Table 2.2 Summary of coal strength test results in CH4 & C 02
(Cui, 1990)
test 0 KPa 100 KPa 300 KPa 500 KPa 1,000 KP 2,800 KPa
condition air
CO 2 C 0 2 CO 2 C 0 2 C 0 2
B/A 10/10 9/10 7/7 9/10 8/10 6/10
13_55 7.98 9.79 9.53 16.13 15.80
11.87 10.75 13.98 12.96 9.29 2.16
individual 8.28 14.21 13.76 6.96 8.96 15.87
value 14.09 9.59 12.99 11.36 758 12.31
of 11.63 10.37 13.59 12.83 14.46 939
tensile 11.17 7.44 14.01 11.22 9.48 16.11
strength 14.07 11.69 955 10.20 12.85
(K g /c m 2) 12.05 9.56 11.67 13.37
12.07 11.63 9.30
1230
mean
value 12.10 10.36 1252 10.67 1151 11.94
<J 1.60 1.84 153 1.70 257
3.87
Notes: Gas pressures are the gauge values; _
A: Number of spccimens-wcre tested at a given condition; 
B: Number of specimens failed with normal failure pattern;
< J :  Standard diviation.
test
condition
0 KPa 
sir
500 KPa
c h 4
1.000 KPa
c h 4
1,800 KPa
c h 4
2,800 KPa
c h 4
B/A ' 10/10 5/7 4/7 ' 5/7 2/5
individual
value
of
tensile
strength
2
(Kg/cm )
1355 11.18 12.53 15.04 13.06
11.87 12.74 11.28 14.20 10.22
838 11.31 12.53 12.18
14.09 11.46 . 1136 5.81
11.63 7.22 13.41
11.17
14.07
12.05
12.07
12.20
mean
value 12.10 10.78 11.90 12.13 11.64
Notes: Gas pressures are the gauge values; .
A: Number of specimens were tested at a given condition; 
B: Number of specimens failed with normal failure pattern;
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Figure 2.6 The general arrangment l'or indentation test (Cui, 1990)
ILLAW
ARRA 
COAL 
MEASU
RES
CU
M
BE
RL
AN
D 
---
---
---
---
---
---
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
SU
B 
- 
G
RO
U
P 
SY
DN
EY
 
SU
B 
- 
G
RO
U
P
Chapter Two-Geologv. Gas Composition and Outburst in Coal Mines 2-11
FORMATIONS MEMBERS
BULLI COAL
ECKERSLEY
FORMATION
BALGOWNIE COAL
LAWRENCE SANDSTONE
CAPE HORN COAL
HARGRAVE COAL
WORONORA COAL
NOVICE SANDSTONE
WONGAWILLI COAL
KEMBLA SANDSTONE
AMERICAN CREEK COAL
APPIN FORMATION
TONGARRA COAL
DARKES FOREST SANDSTONE
BARCO CLAYSTONE
WILTON FORMATION
WOQNONA COAL
ERINS VALE FORMATION
FIGTREE COAL
PHEASANTS NEST
FORMATION _____________________
UNANDERRA COAL
Figure 2.7 Stratigraphy of the Illawarra Coal Measures in the Southern Sydney Basin 
(Standing Committee for Coaldield Geology in NSW, 1971)
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Several laboratory investigations on the gas sorption capacity of the Bulli seam, taken 
from different mines, have been reported in the literature (Hargraves, 1963; Lama and 
Bartosiewicz, 1982; Bartosiewicz and Hargraves, 1985; Siahaan, 1990). The 
investigations measured the quantity of gas sorbed onto a known weight of coal at 
different pressures. The investigations clearly revealed that the gas sorption capacity 
of Bulli Seam increases with increased pressure in a curvilinear pattern as shown in 
Figure 2.4. These studies also indicated that at constant temperature, the gas sorption 
capacity generally decreases with increasing moisture and volatile matter content of the 
coals. In addition, Bartosiewicz and Hargraves (1985) suggested that an increase in in- 
situ stress could reduce the gas sorption capacity of coal.
All Southern Coalfield coals are dominantly composed of vitrinite and inertinite with 
minor amounts of liptinite (<3%). A comparison of the average maceral group contents 
mineral free basis (mf) is shown in Table 2.3. Figure 2.8 shows vitrinite content of 
various coal seams. The Bulli Seam is composed of well-banded vitrinite and inertinite 
layers with mean inertinite contents of 51 and vitrinite contents of 42% . Semifusinite 
and inertodetrinite are the two most abundant inertinite macerals. Fusinite contents are 
relatively low with maximum values of approximately 10%. Micrinite and macrinite 
usually occur in minor proportions. A detailed study of the geology of the Illawarra 
Coal Measures are reported by Cook and Wilson (1969) and Fiaz (1993).
In the western part of the coalfield the Bulli Seam has relatively high vitrinite north of 
Tahmoor (50% to 68%mf) as well as in Appin and Tower Collieries (50% to 55% mf) 
respectively (Figure 2.9). Lower vitrinite contents are found towards the eastern margin 
of the coalfield such as in Kemira (<30% mf) and Metropolitan Collieries (< 40% 
mf). Earlier studies on washed coal indicated that the vitrinite content of the Bulli seam 
also decreases in the southern part of the coalfield towards the outcrop (Cook and 
Wilson, 1969). As can be seen from Table 2.3 the vitrinite content of the Wongawilli 
seam coal is relatively greater than of the Bulli Seam. The variations in the level of gas 
content and the composition of gases with respect to the locality is dealt with elsewhere 
Hargraves (1982). CH4 and CO2 are the two dominant gases in the Illawarra Coal
Measures. Based on recent studies, the variation of gas composition does not appear to 
show any systematic variation with coal type or rank (Faiz, 1993; Faiz and Cook, 1991; 
Faiz and Hutton, 1995). However the gas composition appears to significantly vary 
with the stratigraphic position and depth as shown in Figure 2.10. The variable 
amounts of CO2 and CH4 are mainly related to the geological structures and depth. As 
can be seen in Figure 2.11 high proportions of CH4 occur in the syncline structure 
whereas the CO 2 content increases towards the structural high. Extensive areas of pure 
CO2 gas occ ur  on an t i c l in es  and domes .  In
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Figure 2.8 Average vitrinite contents of various coal seams (Fiaz, 1993)
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Figure 2.9 Aerral variations of volatile content of coal in the Bulli, and Wongawilli
Seaams (Cook & Wilson, 1969)
Table 2.3 Summary of macérai composition of the major Illawarra Coal Measure seams
(Faiz, 1993)
COAL SEAM VITRINITE% LIPTINITE% INERTINI TE% MINERALS%
MEAN RANGE MEAN RANGE MEAN RANGE MEAN RANGE
BULLI
42.1 17.0-66.7 0.1 <0.1-2.8 50.7 27.1-72.3 7.1 3.6-37.1
BALGOWNIE
35.6 16.9-56.4 0.1 <0.1-0.6 54.2 28.9-72.3 10.1 5.4-26.8
CAPE HORN
54.3 45.4-64.9 <0.1 <0.1-0.1 37.7 30.1-49.4 8.0 4.6-11.4
WONGA WILLI
52.3 31.9-80.8 <0.1 <0.1-0.2 13.6 1.6-22.4 34.1 17.7-60.1
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Figure 2.10 Major geological structures and the variations in C02 content of the Bulli
Seam (Faix, 1993)
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structural lows, local pockets of high CO2 concentrations are found near some dykes 
and related faults.
Spatial variations indicate that CH4 is the dominant seam gas along a central N-S
trending belt in the Southern Coalfield of NSW. On either side of this belt higher 
proportions of CO2 are found and the variations show a more complex pattern. The 
central N-S trending, CH4-rich belt approximately follows the axis of the Camden 
Syncline as shown in Figure 2.11.
2.5 DRILLING IN COAL AND OUTBURST
Drilling has often been used for the detection of outburst proneness in coal mines. 
Information on the outburst phenomenon can be obtained from drilling in several ways. 
Drill records provide information on changing conditions. These records take the form 
of drilling rates, rotational speeds and thrust estimates. The ability to judge conditions 
through such techniques reduces as hole depth increases and as total thrust and torque 
increase. Drill cuttings can provide information on the nature of material being drilled 
with soft zones producing far more material than normal drilling.
Gas release during drilling has been used as a guide to indicate which areas may be 
outburst prone on mining. Finally drilling can also provide core samples for further 
study of the coal characteristics and gas retention. In Australia, the use of the 
Hargraves emission meter (Ward, 1980) was, in the past, an acceptable method for 
determining the rate and quantity of the gas in coal. The method relies mainly on coal 
cuttings produced from drilling operations. Since 1982 the method of determining the 
gas content has been extended to various direct and indirect methods which involve 
both competent core samples and cuttings. Details of the various methods are listed in 
Table 2.4 (Lama, 1995; Lama and Bartosiewicz, 1982).
Drilling has also been used for a long time in Europe and more recently in Australia as 
a means of alleviating outburst problems. In the 1960s several attempts were made to 
drill large diameter holes ahead of development in order to drain gases (Hargraves, 
Hindmarsh and McCoy, 1964). This practice was used at Metropolitan and Leichhardt 
Collieries (Hargraves, 1982 and Ward, 1980). These short holes had 100 mm to 300 
mm diameters and were up to 80 m long. The process of drilling has since evolved to 
drilling much longer holes (500 + m) to include both pre-and post-drainage holes at 
both development and production panels. A number of publications report on the 
modem methods of drainage systems (Gray, 1995; Hebblewhite, Richmond, and Allan, 
1982; Williams, 1991).
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Figure 2.11 Cross-section showing the relationship between geological structures and
CO2 content in coal seam gas (Faiz, 1993)
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Table 2.4 Methods of estimation of the gas content in coal seams 
(Lama, 1995; Lama and Bartosiewicz, 1982)
Method Requirements Methods of 
interpretation
Accuracy Country Method of 
measurement
Applicability
Direct Cores Requires 
knowledge of 
gas emission 
laws
Depending upon 
time lost, core 
quality and 
applicability of 
gas emission 
laws.
± 10% -> ±20%
UK
USA
Australia
Volumetric gas 
emission at 
atmospheric 
pressure 
followed by 
crushing
Good from
surface
boreholes and
doubtful from
underground
boreholes,
fractured cores,
etc. Degree of
fracturing
influences
results
Direct Sampling of 
fractions
Empirical ±20% Poland
Germany
Volumetric gas 
emission
Existing mines
Indirect
Statistical
Lumps of coal Statistical 
analysis of 
gas content of 
lumps
±20%, 
statistically 
measured values 
from face 
samples are 
consistently 
higher
UK Sample (30-40 
mm size), 
collection at 
the face and 
estimation of 
gas contents
For seams 
under mining, 
face sampling, 
applicability to 
highly variable 
and high rank 
coals not 
proved
Indirect Pressure Direct reading Depending upon Poland Volumetric For scams
Adsorption measurement for adsorption pressure USSR techniques and under mining
isotherms and sampling isotherms measurements 
and sampling.
± 10—>±20%
Australia
Germany
gravimetric
techniques
and seams lying 
above or below
Indirect
Chemical
analysis
Proximate 
analysis of 
coal
Empirical ±30—>±100% USSR
USA
Poland
Chemical
analysis
New and 
existing mines
Indirect Exhaust
ventilation
sampling
Subtraction
techniques
± 20% Australia CH4 or CO2 
gas analysis
(%)
Existing mines
Indirect Sampling of 
exhaust mine 
air
Empirical ±50% Germany
USA
Volumetric gas 
emission
Existing mines 
general make of 
gas
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One of the parameters which is often overlooked in relation to the outburst proneness of 
a coal deposit is the drill cutting characteristic and the relationship between the gas 
retention characteristics of coal. Particle size effects are well established for gas 
sorption on coal, with smaller particle sizes sorbing more rapidly (Nandy and Walker, 
1975; Barker-Read and Radchenko, 1989). Also, a limited study was carried out by 
Cui (1990) with the aim of determining the influence of increased gas pressure on coal 
strength. This was achieved by comparing particle size distribution of coal cuttings 
from both drilling in coal in air and under pressurised gas environment. Cui found that 
there was a distinct difference between the particle size distribution between the two 
drill results and this led him to conclude that the technique could be used as a tool for 
identifying outburst prone zones in coal seams, even during the exploration stage. 
Accordingly, this thesis is partly aimed in addressing and further verifying Cui's study.
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CHAPTER THREE
EXPERIMENTAL PROCEDURE-EQUIPMENT
3.1 INTRODUCTION
To gain a credible knowledge about the gas retention capacity of coal commensurate 
with variations in coal structure and other geological changes the following programme 
of tests were undertaken:
* In-direct determination of the gas content of coal
* Analysis of various drilling parameters with respect to changes in coal 
composition, and gas content, and
* Microscopic analysis of coal samples to establish the relationship between the 
coal composition, gas composition and degree of gas retention in coal.
This Chapter describes the various equipment used for each test. The experimental 
procedure and data retrieval with regard to each equipment will be dealt with in 
following chapters. The tests discussed in this Chapter are:
(i) sorption/desorption technique for indirect method of determining 
gas content of coal gravimetrically,
(ii) precision drilling of coal for drill parameters and particle size 
analysis,
(iii) particle size distribution analysis, and
(iv) microscopic analyses.
3.2 SORPTION AND DESORPTION APPARATUS
To estimate the gas sorption capacity of coal, the gravimetric high pressure gas sorption 
method was used. This method allowed the determination of the amount of gas 
adsorbed by a given weight of coal at constant pressure and temperature. The 
principles of the technique and equipment description were given by Lama and 
Bartosiewiecz (1982). The equipment is shown in Figure 3.1; the schematic layout is 
shown in Figure 3.2 The apparatus consists of a number of cylindrical pressure vessels, 
known as pressure bombs; Figure 3.3. Coal samples were sealed in the bombs and 
pressurised with introduced gas until saturated at various predetermined pressures up to 
5,000 kPa. The same apparatus was also used for preconditioning of the samples for the 
next stage of the research work (i.e., precision drilling).
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Figure 3.1 High pressure sorption and desorption equipment 
(Lama and Bartosiewiecz, 1982).
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Figure 3.2 Schematic layout of the sorption and desortption equipment.
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Figure 3.3 Gas container (bomb)- Schematic
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The sample containers were isolated from the water bath by copper sleeves immersed in 
a water bath, that kept the containers dry. The lid of each bomb had two types of 
valves, an isolation valve and a quick release valve, and were connected to a gas supply 
cylinder via a manifold and pressure regulator. To evacuate the gas, a vacuum pump, 
connected to the manifold, applied a negative suction pressure to the line, expelling any 
residual gases or air from the system. With this approach, it was possible to bring the 
system pressure to near zero absolute pressure. Pressure release valves enabled the 
release of pressure and regulation of the pressure in each bomb. A thermostatically 
controlled water bath stirrer (Type Haake Dl) enabled all the coal samples to be kept at 
the desired constant temperature.
The whole system capacity was arranged to measure the adsorption rate up to 5000 kPa
o
pres sure (absolute) and over a temperature range of 16 to 80 C. The bomb lid was 
attached to the body by six bolts with the bomb being sealed perfectly using an O-ring 
in the top of the bomb. A special precision balance (Mettler PK 2000S electronic 
balance with measuring range between zero g to 2 500 g with a readability of 0.00lg) 
was used to weigh the bombs and a special set of calibration weights was used to 
calibrate the balance.
Following the completion of the bomb calibration, the coal samples were placed in the 
bombs and then sealed. The bombs were then weighed and connected to the gas 
cylinder via the manifold. The pressure in the line was monitored using an on-line 
digital pressure indicator (type Druck DPI 420). Each bomb was pressurised until 
equilibrium at the required pressure was reached. The gas pressure in each bomb was 
maintained at the same pressure until saturation was achieved. At saturation stage, the 
bombs were reweighed to determine the total weight of the bomb, coal and gas. This 
process was repeated for each bomb and at each predetermined pressure level. 
Normally, gas saturation readings were recorded at each of 200, 500, 1000, 2000, 3000, 
and 4000 kPa pressures respectively. Table 3.1 shows a typical data record sheet.
When the equilibrium at the highest pressure in the range was reached, each pressurised 
bomb was disconnected from the adsorption apparatus and placed on the balance. The 
quick release valve was then opened for desorption. The gas was desorbed to the 
atmosphere gently and weight readings were recorded after 15 sec, 30 sec, 45 sec and 
thereafter every minute for a period of 30 min, every 5 min for a further period of 30 
min and every 15 min over the next four hours. The weight was monitored until the 
desorption rate was reduced to an insignificant level. The balance (a Mettler PK 2000S 
electronic balance, range zero gm to 2000 gm) was connected via an interface to a 
computer system. This arrangement enabled the direct acquisition of the amount of gas
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Table 3.1 Sample data sheet for laboratory test information gathering 
DEPARTMENT OF CIVIL AND M ININC ENGINEERING 
THE A DSO RPTION  AND DESORPTION TESTING OF COAL
MINE
D IST R IC T /SE A M
CAS : CH4
SAMPLE NO :
..SHEET NO :
_W 4...........
53
Date 2.0- 4-14 13. ¿3-3̂ 3 1 23.^74 124.4 .74-
Bath Tem p c 0 2-5~°C 2.̂ 7 °r 2.i5Dr. 1 13° <1
Room Temp c ° 11 °C 21° C 2-AO 2S°C _
Time *5 ‘lJ0 Prr' 2- CÖ Pr»o 2 *3>o Pm 1 6~ P ao
B aro/press mb [O' 2i lo-ZZ 10- 24 to- 24-
Trans, press 31 ■ Q3 4-0.27 1 4-D.fl 4tn 02
Accum, press iV3, - ¿höl̂ O 1 ¿rO'CS'l 1 ¿iÖ'Ötf ...
Whitv press 31 2.4 54 -21 - 1 3*1-4 /__
Reset ¿3ö• o 1 4-oml__1 4-o. cl 4-0<ô
Top line ¿4-0*0 1 4-o.oo 1 ¿4-0-00 __SS-il---
Reset — — <4-0.ol
L B 1 . A- AS- 31.2-7. q̂<o4- ,?q.
L B 2 VI. o 2. 31-11 r 3x2f-3
L B3 38 7 / __3 g- .2 _ u m
L B 4 — - -
L B 5 —- - -- —
Reset ¿-f-O'C 1 4-ö * o / 4-0-N 4-p.oo,.._
B 1 ¿4-0' c> o 4 - 0 - 0 4 -  . 4-o . 0 » ___!
Reset 4-o-o/ 4 - 0 - 0 /
B 2 ~40-oT 4 - 0 - 0  4
Reset 4 - 0  -.a 1 4-4- OO -—
B 3 3 1 . 1 0 Ji'bo ■fo / g____S i - T g —
Reset 4c-ol 4-o-ot 4P - on 4 n . 0 l
B 4 ■ —•- —-
Reset -- - -— -—
B 5 .-- - - - —
Reset — — —
B 6 — —* —-
Reset 4 q.qI__ 4 - 0 - 0 / 4 4 2 - 0 0 00R>*
NAME :
Table 3.1 Sample data sheet for laboratory test information gathering
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desorbed from a bomb. The general arrangement for data acquisition is shown in 
Figure 3.4. Details of hardware for data acquisition between balance and the computer 
are described by Siahaan (1990).
3.2.1 Calibration of the bombs
Before the actual testing could proceed, the bombs were calibrated to determine their 
internal volume at atmospheric pressure and the volume of gas that each bomb 
holds at different pressures. Accordingly, the calibration tests conducted 
included:
a) Internal volume space: The method adopted for determining the internal bomb
o
volume under normal condition (NTP = 1 atm pressure and 25 C) consisted of 
initially weighing the bomb fully and at absolute vacuum: the bomb was then 
filled with distilled water, of known density, cooled to a temperature of 4°C. 
The bomb was then placed in the water bath to allow its temperature to reach the 
known temperature of the bath. During that period of heating the stem valves 
were left open so that excess water, due to water volume expansion, was 
expelled. By this way it was possible to remove any air bubbles trapped in the 
bomb. The bomb was then carefully dried externally, reweighed and the 
difference in weight used to determine the volume of bomb space. Table 3.1 is a 
typical data sheet for information retrieval laboratory testing stage.
b) Gas carrying capacity of the bomb: This test was a gas specific test to determine 
the gas pressure/volume characteristic curve. In this test the atmosphere in each 
bomb was reduced to a vacuum and the bomb was weighed. Each bomb was 
then pressurised to a predetermined level and held at that level until the gas 
pressure was stabilised. The bomb was reweighed and the difference between 
the pressurised and vacuumed weights of the bomb was the weight of gas 
retained in the bomb at the predetermined pressures. The volume of gas was 
then calculated at normal pressure and temperature (NTP) by dividing the 
weight of the gas by its density. The gas content of coal was then determined 
for the following pressures: 200 kPa, 500 kPa, 1000 kPa, 2000 kPa, 3000 kPa, 
and 4000 kPa respectively. The bomb calibration curves for various gases were 
subsequently produced using the volume and capacity of the bombs. The 
calibration curves were incorporated in the gas content of coal calculations.
Asynchronous 
Communication Adapter
Figure 3.4 General arrangement for data acquistion on gas sorption
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Figure 3.5 shows typical calibration curves for CH4 , CO2 and CH4/CO2 (50/50
mixture) gases. The rest of the calibration curves for all the bombs is shown in 
Appendix 1
3.2.2 Gas Content Calculations
As the gas contained in the bomb during the saturation stage consisted of gas absorbed 
in coal and the gas filling the space surrounding the coal sample, it was thus necessary 
to determine the amount of the gas contained in coal per unit of coal mass. 
Accordingly, the procedure used for calculating the gas contained in coal was 
determined using the following relationship (Lama and Bartosiewiecz 1982);
Volume of adsorbed gas in coal (NTP) =
V  =
¡ W 2 - W 1  1 VI " W 1 - W 0  1
— — VO
L p s  J VO - P c .
Where;
Wo = weight of empty bomb (gm)
W 1 = weight of bomb + coal (gm)
Wi - W0 = weight of coal (gm)
W2 = weight of coal bomb + coal + gas at pressure “P” (gm)
Pg = density of coal (gm/cm^)
Pc = density of gas at (NTP) (gm/cm^)
[W2 -W i]/pg = volume of gas in bomb (free and adsorbed) (cc)
[Wi- W0] /pc = volume of coal in the bomb (cc)
Vo = volume of the bomb
Vl = volume of gas at”P” in bomb( from calibration curve)
V0 -[Wl -W0] /pc = free volume of bomb not occupied by coal
Vl/V0[Vo-{Wi-W0}/pc] = volume of free gas in bomb at pressure “P” with coal
sample contained in it
Table 3.2 shows the table for calculating the gas content of coal and represents a useful 
approach for systematic and sequential calculation of the gas content of coal. The 
calculation was speeded up using Lotus 123 spreadsheet.
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Calibration Curves for Methane
■Bomb A 
■Bomb B
*
Bomb H 
Bomb 3
Calteration Curves for Carbon Dioxide / Methane Gas Mix
Figure 3.5 Typical caliberation curves for various gases in a bomb
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■Bomb C 
-Bomb E
Calibration Curves for Carbon Dioxide
Figure 3.5 cont. Typical calibration curves lor various gases in abomb.
Table 3.2 Determination of the gas content of coal by the Gravimetric Technique
Bomb Wt. (Wo)= 1570.530 Mine:Tower (Bulli Seam)
Gas: Methane
Gas Density (rc)= 0.0006557g/cm3(NTP), 0.7157g/cm3 (STP)
Coal Density (rc)= 1.4 g/cm3
BOMB NO: A
Bomb W t.of W t.of Wt. of Wt of gas Vol. of Vol. of Actual V ol. Free Free Vol. of Vol. of
gauge bomb bomb+ coal in in bomb coal in gas in Bomb of gas vol. gas vol gas in gas abs.
pressure +coal coal+gas bomb bomb bomb V ol. bomb in V1/V0 o f coal at per
(W l) (W2) (W1-W0) (W2-W1) (free+abs (NTP) not bomb at bomb NTP gram of
taken P (from with coal
by cal.) coal
coal
(kPa) gm gm gm gm 3cmJ 3cmJ 3cmJ cm^ 3cmJ 3cmJ 3cmJ cm^/gm
0 1701.288 n/a 130.758 n/a 93.399 n/a 333.932 n/a n/a n/a n/a n/a n/a
200 1701.288 1701.854 130.758 0.566 93.399 863.1996 333.932 240.533 1151.599 3.4486 829.504 33.695 0.258
500 1701.288 1702.407 130.758 1.119 93.399 1706.573 333.932 240.533 1982.267 5.936 1427.840 278.733 2.132
1000 1701.288 1703.300 130.758 2.012 93.399 3068.476 333.932 240.533 3501.699 10.486 2522.297 546.179 4.177
2000 1701.288 1705.212 130.758 3.924 93.399 5984.444 333.932 240.533 6537.796 19.578 4709.218 1275.226 9.753
3000 1701.288 1707.051 130.758 5.763 93.399 8789.080 333.932 240.533 9673.499 28.968 6967.862 1812.219 13.928
4000 1701.288 1708.922 130.091 7.634 93.399 11642.51 333.932 240.533 13211.65 39.564 9516.443 2126.076 16.260
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3.3 PRECISION DRILLING OF COAL
Precision drilling equipment was designed in house and constructed with a minimum of 
tolerance. Its main objective was to drill coal samples under normal atmosphere and gas 
pressure confinement conditions. The drill cuttings were used for particle size distribution 
analysis. Figure 3.6 shows the general layout of the laboratory apparatus. The drilling 
apparatus consisted of the following components:
1. Main frame ,
2. Gas pressure chamber
3. Drilling system
4. Drill support frame
5. Drill cutting collection system
The main frame comprised a sturdy, steel structure, which housed the gas chamber, a 
drilling frame which carried the drill, the universal thrust connector and the drill motor 
speed controller.
The frame consisted of two rectangular plates and four columns of 20 mm x 20 mm 
square cross section bars welded together to form the 950 mm high main frame. The 
construction of the frame provided the skeleton for the rest of the apparatus.
The gas pressure chamber was a rectangular prism of cast iron with removable front and 
back viewing plates. Its dimensions were 110 mm x 110 mm x 140 mm. The viewing 
windows were made of 20 mm thick glass in a cast iron frame as shown in Figure 3.7. 
Access to the chamber was possible by unbolting the front steel frame with the glass 
window. A total of 24 bolts secured the frame to the chamber. The chamber was made 
leak proof by inserting packers between the frame and the box as well as fitting "O" 
rings around the loading shaft situated on top of the chamber. Housed in the chamber 
was a 1210-BF interfaced load cell with the capacity of 40 KN for monitoring the load 
applied. A pair of specimen loading plates with locating lips were used for holding a 
cylindrical specimen. The locating lips were aimed for correct positioning of the 
specimen in the chamber and to prevent lateral displacement during drilling. The base 
plate was fitted with a spherical seat for aligning the specimen to avoid unequal load 
distribution across the flat ends of the coal specimen. The base plate rested on a load 
cell used for monitoring the applied load to the specimen (Figure 3.8). A 10 mm hole 
was drilled through the specimen loading shaft at the top of the chamber to cater for a 
drill bit used for drilling the coal specimen contained in the chamber. The drilling 
system consisted of drill frame, drill motor with drill bit, drilling thrust system and 
drilling cutting collection device. The drill used a DC electric motor with a
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Socket
wrench handle
Figure 3.6 Schematic layout of precision drill apparatus
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Figure 3.7 The precision drill apparatus
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Figure 3.8 Load cell under sample in gas chamber.
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6.5 mm diameter and 320 mm long masonry drill bit. The optimum capacity of the 
drilling motor was determined by drilling a number of holes in the coal with a 10 volts 
350 rpm rechargeable DC hand held drill. Four masonry drills of diameters 4 mm, 5 
mm, 6 mm, and 7 mm were used. The thrust force was maintained constant at 10 kg. 
A multi-purpose meter connected to the system enabled measurement of the electrical 
current during drilling. The effective minimum capacity of the motor necessary for the 
drilling operation was estimated as 32.5 W (Cui, 1990). Accordingly, a 50 W DC 
motor was chosen as the drill motor in the drill system.
The motor was fixed on a motor stand which consisted of three guide collars and a 
motor supporting ring. The guide collars, fitted with linear bearings, could be moved 
along the three legs of the drilling frame to prevent lateral movement of the motor 
during drilling, thus allowing precision drilling of the coal specimen.
The drilling frame was assembled from two circular steel plates and three round steel 
bars as legs. The three bars were evenly placed to support the two steel plates and to 
guide the drill as it moved up and down. Mounted on one of the drill frame legs was a 
pair of limiters. The lower limiter controlled the maximum length of drill travel, thus 
controlling the maximum depth of drilling in the coal specimen. The function of the 
upper limiter was to stop the downward movement of the drill system prematurely.
The speed of the motor was controlled by a D.C. 750 Professional Speed Controller, 
supplied by Hargil Dynamics Pty. Ltd. The controller was mounted on the main frame 
and was capable of controlling the motor speed up to 10 different levels. A multi­
pulley system enabled constant thrust to be applied on the drill bit. The system 
consisted of four pulleys mounted on the top and bottom plates of the drill frame and 
another pulley attached to the drill motor. Figure 3.9 is a sketch of the system. The drill 
pulling force, that is the drilling thrust, was generated by a suspended steel cylindrical 
bucket filled with lead shot.
The drill-cutting collection device was made to catch the cuttings during drilling for 
weighing and particle size analysis. Basically, the device consisted of two parts. The 
first part consisted of an aluminium collar mounted on the base plate of the drill frame, 
through which the drill bit was inserted in the gas chamber. Two rubber O-rings 
ensured complete sealing of the collar in contact with the frame and the drill bit stem 
Figure 3.10. The collar was connected by a piece of flexible plastic tube to the second 
part, a transparent cylindrical tube, called the cuttings container Figure 3.11. The tube 
was made of polymethyl methacrylate. The cuttings were sucked into the transparent 
container by a vacuum pump. A disc of filter paper placed at the suction end of the 
transparent tube prevented the cuttings from being sucked out.
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Figure 3.9 Multi-Pulley system for applying load to the drill
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Figure 3.10 Drill cutting collection collar.
A - A
Figure 3.11 Drill cutting collection container
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Inside the chamber were two load plates. The top plate was connected to the universal 
thrust connector via the central axis which transferred the applied axial load to the 
sample. The bottom plate had a hemispherical, concave seat which rested on a ball 
bearing at the top of the load cell. The assemblage served firstly to transfer the load 
from the sample to the load cell for monitoring of the axial load during testing and 
secondly to pivot and align the coal sample in the event that the top and bottom 
surfaces of the coal sample were not parallel. Lips on the plates prevented any lateral 
movement of the coal specimen during testing.
Prior to drilling, a series of calibration tests were made on the equipment and Table 3.3 
shows various parameter calibration values.
3.4 PARTICLE SIZE ANALYSIS
The particle size analysis of the drill cuttings was carried out using a laser controlled 
Malvern particle size analyser. The principle of the analyser is illustrated in Figure 3.12 
and the equipment comprised four main basic components;
Optical measuring unit (laser source)
Suitable detector
Method of passing sample through laser beam 
Data collection and analysis
The optical measuring unit is the main measurement facility for the system, which is 
basically a collimated laser that passes through the sample to be measured. The 
scattered laser light from the sample is detected by the receiver of the optical 
measurement unit. These data from the receiver are transmitted to the computer system 
where the operating software calculates the size distribution.
During early stages of testing, a Malvern 2600 model was used. This model had the 
particle size measuring range between 1pm and 600 pm. This model was an older 
model, but it provided satisfactory information for the study. The main operating 
characteristics of the machine can be seen in Table 3.3.
Malvern Mastersizer S was recently acquired by the Faculty of Engineering, University 
of Wollongong, and was used during the later part of the research. The acquisition of 
the Malvern Mastersizer S enabled an understanding of the particle size distribution at 
sub-micron level to be gained and a much wider particle size range evaluation was 
possible; this change of equipment did not affect the overall results (Malvern 
mastersizer S User Manual, 1994).
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Table 3.3 Caliberation test result for precision drill
Specimen
No
Time consumed 
(sec)
Drill speed 
(mm/Sec)
Cutting weight 
(g)
1 65 0.46 1.436
tested 4 57 0.52 1.483
10 50 0.60 1.498
in 11 53 0.57 1.450
12 56 0.54 1.453
air 13 54 0.56 1.429
14 58 0.52 1.438
mean 56.1 0.54 1.455
2 56 0.54 1.481
tested 3 44 0.68 1.479
5 52 0.58 1.459
in 6 57 0.53 1.426
c h 4 7 54 0.56 1.471
at 8 50 0.60 1.448
1500 KPa 9 51 0.59 1.433
mean 52 0.58 1.457
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Figure 3.12 General layout and photograph of Malvern particle size analysis.
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The computer connected to the Malvern Mastersizer S was a normal IBM compatible 
486 model computer with a Malvern supplied Window based software capable of 
producing tables and graphs as shown in Figure 3.13 and others as shown in 
Appendix 2.
Both machines are capable of testing samples wet (i.e., samples mixed in water) or as a 
dry powder using a dry powder feeder. The sample suspension unit is shown in Figure 
3.12. The unit is capable of circulating up to one litre of solution allowing statistically 
representative results to be obtained
Details of sample preparation and testing procedure will be dealt within Chapter 4.
3.5 MICROSCOPY
Reflectance measurements on vitrinite in the coal, to determine rank were made using a 
Leitz Ortholux microscope fitted with a Leitz MPVI photometer powered by a Knott 
NUP high stability power supply. Output from the photometer was passed to a Kipp 
and Zonen lightspot AL3 galvanometer. When measuring for reflectance the 
galvanometer was calibrated against synthetic spinel and garnet standards of 0.42, 0.92 
and 1.72% reflectance. The galvanometer was set to give a reading of one half the
o
reflectance. The two maximum readings, on rotation of the stage through 360 , were 
summed to give the percentage reflectance. Monochromatic light of wave length 546 
pm was used for reflectance measurements and was carried out in oil immersion oil 
(using Leitz immersion oil with Ne 23 = 1.5180, ye = 44) at temperature of 23± 1°C.
An illuminated field of 0.03 mm square was used and the back-projected image of the 
measuring stop was 0.002 mm square.
A Leitz MPV-2 microscope was used for maceral analysis. Reflected white light and 
fluorescence mode illumination was used with 32x and 50x oil immersion objectives 
with a total magnification of approximately 400 to 500 x. Figure 3.14 shows a general 
view of the Leitz Orthoplan research microscope and Leitz MPV 2 photometer. Further 
description will be given in the latter chapter during specimen preparation testing and 
data processing.
Point counts were made with the MPV2 system using a mechanical stage connected to a 
sample point counter. A nominal count of a minimum of 500 points was used for each 
sample with the final traverse completed. The step distance was 0.5 mm and the 
spacing between each traverse was 0.5 mm. All percentages are rounded to 0.2%.
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Result: Analysis Report
Sample Details ~
Sample ID: Tower Sample 1 Run Number 1 Measurement Date: Thu. Aug 31,1995 11:34AM
Sample File: DOM Record Number 19 Analysis Date: Thu, Aug 31, 1995 11:34AM
Sample Path: A:\ Resutt Source: Analysed
Sample Notes: Drilled 16/3/95
(no pre-conditioning)
(not drilled with gas)
Range Lens: 300RF mm Beam Length: 240  mm
System Details
Sampler None Obscuration' 14.7%
Presentation: 30HD  
Analysis Model: Polydisperse 
Modifications: None
Particle R.I. = (1.5295, 0.1000); Dispersant R.l. = 1,3300]
Residual: 0.272 %
Distribution Type: Volume Concentration = 0.0100% Voi
Result Statistics
Density = 1.000 g / cub. cm Specific S.A. = 2.7952 sq. m / g
Mean Diameters: D (v, 0.1) = 0.78 urn D (v, 0.5) = 14.56 um D (v. 0.9) = 49.82 um
D (4, 3] = 20.90 urn 0 (3 .2 ]=  215  urn Span = 3.368E+00 Uniformity = 1.067E+00
Size Low (um) In % Size High (um) Under%
6.63 3.17 7.72 34.80
7.72 3.35 9.00 38.15
9.00 3.53 10.48 41.68
10.46 3.73 1221 45.41
12.21 3.96 14.22 49.37
14.22 4.23 16.57 53.60
16.57 4.54 19.31 58.14
19.31 4.86 22.49 63.00
22.49 5.18 26.20' 68.18
26.20 5.50 30.53 73.68
30.53 5.52 35.56 79.20
35.56 5.25 41.43 84.45
41.43 4.68 48.27 89.13
46.27 3.86 56.23 92.98
56.23 291 65.51 95.89
65.51 ' 1.98 76.32 97.87
76.32 1.21 88.91 99.08
86.91 0.64 103.58 99.72
103.56 0.28 120.67 100.00
120.67 0.00 140.58 100.00
140.56 0.00 163.77 100 00
163.77 0.00 190.80 100.00
190.80 0.00 222.28 100.00
22228 0.00 258.95 100.00
258.95 0.00 301.68 100.00
301.68 0.00 351.46 100.00
351.46 0.00 409.45 100.00
409.45 0.00 477.01 100.00
477.01 • 0.00 555.71 100.00
555.71 0.00 647.41 100.00
647.41 0.00 754.23 100.00
754.23 0.00 878.67 100.00
Size Low (um) In % Size High (um) Under%
0.05 0.01 0.06 0.01
0.06 0.03 0.07 0.04
0.07 0.05 0.08 0.09
0.08 0.07 0.09 0.17
0.09 0.11 0.11 0.27
0.11 0.15 0.13 0.43
0.13 0.22 0.15 0.65
0.15 0.32 0.17 0.97
0.17 0.47 0.20 1.45
0.20 0.68 0.23 213
0.23 0.92 0.27 3.05
0.27 1.11 0.31 4.16
0.31 1.15 0.36 5.31
0.36 1.08 0.42 6.39
0.42 1.02 0.49 7.41
0.49 0.96 0.58 8.37
0.58 0.86 0.67 9.23
0.67 0.79 0.78 10.02
0.78 0.77 0.91 10.79
0.91 0.78 1.06 11.57
1.06 0.82 1.24 1239
1.24 0.88 1.44 13.27
1.44 0.96 1.68 14.23
1.68 1.06 1.95 15.30
1.95 1.20 228 16.50
228 1.38 265 17.88
265 1.60 3.09 19.48
3.09 1.87 3.60 21.34
3.60 216 4.19 23.50
4.19 2 45 4.88 25.95
4.88 272 5.69 28.67
5.69 296 6.63 31.63
Particle Diameter (pm.)
Mastersizer S Ver. 2.11 
Serial Number: 32734-21
Figure 3.13 Typical result graph of window based software for particle size analysis
(M astersizer).
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Figure 3.14 A general view of Orthoplan maseral microscope 
with MPV-2 photometer attachment
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CHAPTER FOUR
EXPERIMENTAL INVESTIGATION-PROCEDURE, RESULT 
ANALYSIS AND DISCUSSION
4.1 INTRODUCTION
This chapter is concerned with testing procedures, results and analysis of the results of 
the tests conducted on coal samples collected from different mines. The mines visited 
were Appin, Metropolitan, Tahmoor, Tower and West Cliff Collieries of the Southern 
Coalfield of NSW. All the coal samples were collected from the Bulli Seam where all 
of the outburst related incidences have occurred (Table 1.2). Several outburst sites 
were inspected at each of these Collieries and samples were taken from selected sites, 
chosen on the basis of availability of samples and under typical outburst conditions for 
the particular mine.
4.2 BULK SAMPLE COLLECTION AND SPECIMEN 
PREPARATION
The bulk whole coal samples collected from different mines were packed individually 
in hessian sacks and marked clearly for position, orientation and other factors which 
may affect the strength properties.
In the laboratory, the bulk samples were cut into regular shapes for ease of coring. NX 
core samples (diameter 54 mm) were drilled out of the coal blocks using coring bit, 
Type ZIJ 23032 x 101, fitted onto an NX. diamond bit core barrel. Coring of the coal 
samples was carried out wet using water as the flushing medium. The core samples 
were prepared in accordance with the recognised International Society of Rock 
Mechanics (ISRM) standards. The core samples were then cut into 45 mm lengths 
using a diamond tipped circular saw. The ends of the samples were then lapped flat and 
perpendicular to the core axis. The samples were then left to dry at room temperature 
for at least one week prior to commencement of testing.
The physical conditions of some core samples, particularly those collected from 
outburst prone zones with sheared and faulted sites, were of poor quality due to 
excessive cleating and fracturing and general weakness. This was partly expected as the 
strength of outburst-prone coal is usually found to be influenced by tectonic activities.
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4.3 SORPTION AND DESORPTION TESTS
Sorption tests were carried out on the coal samples to determine gravimetrically the 
maximum amount of gas the coal can retain at various predetermined confining gas 
pressures and to assess the desorption characteristics of various gas types in coal. The 
apparatus used for the test was an Sorption/Desorption equipment which was described 
in Chapter 3. The apparatus was also used for preconditioning of the core samples 
which were used for precision drilling and microscopic analysis. Accordingly the 
relevance of the Adsorption/Desorption tests were mainly to examine the relationship 
between the gas type and the other parameters studied such as particle size distribution, 
and microscopic studies. For this reason it was necessary to test the gas content of coal 
from various sites as the type of gas sorbed in the Bulli Seam varies as discussed in 
Chapter 2. However, testing for gas content from two samples sites, Appin and 
Metropolitan Collieries, was not carried out due to equipment malfunction.
(i) Sorption test
The adsorption tests involved a series of steps which were repeated for all the bombs 
containing samples. The procedure for sample pressurisation to saturation was 
discussed in detail in Chapter 3. The sorption tests were carried out using each of CHq., 
C02 and CH4/CO2 mixture gases respectively.
The maximum level of pressure applied to each bomb was 4000 kPa. This level was 
considered to be adequate for the Bulli coal as the gas pressure measurement carried out 
by Lama (1980) at West Cliff Colliery indicated that the gas pressure in the seam was in 
the order of 3000 kPa.
Table 4.1 shows typical results of the sorption tests and the gas content calculations. 
Table 4.2 shows the summary of gas content of coal at pressures between 1000 and 
4000 kPa pressures. As can be seen from Table 4.2 and Figure 4.1 the coal has greater 
affinity for CO2. This was in agreement with that reported by Ogle (1984), Noble 
(1983) and Lama (1980, 1982). The volume of CO2 adsorbed per gram of coal was 
approximately twice that for the methane. Additional test result details from other 
Collieries and different gases are listed in Appendix 3
Table 4.1 Determination of the gas content of coal by the Gravimetric Technique
Bomb Wt. (Wo)= 1613.247 Mine:Tahmoor (Bulli Seam)
Gas: Carbon Dioxide/ Methane mix Gas Density (pg)= 0.0012g/c (NTP)
Coal Density (pc)= 1.4 cm3
BOMB NO: H
Bomb Wt.of Wt.of Wt. of Wt of gas Vol. of Vol. of Actual Vol. of Free Free Vol. of Vol. of
gauge bomb bomb+ coal in in bomb coal in gas in Bomb bomb gas vol. gas vol gas in gas abs.
pressure + coal+ bomb bomb bomb Vol. not in V1/V0 of coal at per gram
coal gas (free+ (NTP) taken bomb bomb NTP of coal
(W1) (W2) (W1-W0) (W2-W1) abs) by coal at P with
(from coal
cal.)
(kPa) gm gm gm gm cm^ cm^ cm3 cm^ cm^ cm3 cm3 cm3 cm3/gm
0 1743.338 n/a 130.091 n/a 92.922 n/a 333.932 n/a n/a n/a n/a n/a n/a
200 1743.338 1744.912 130.091 1.574 92.922 1311.667 333.932 241.010 1250.076 3.744 902.222 409.445 3.147
500 1743.338 1746.355 130.091 3.017 92.922 2514.167 333.932 241.010 2180.929 6.531 1574.049 940.117 7.227
1000 1743.338 1748.475 130.091 5.137 92.922 4280.833 333.932 241.010 3823.270 11.449 2759.381 1521.452 11.695
2000 1743.338 1752.485 130.091 9.147 92.922 7622.500 333.932 241.010 7293.184 21.840 5263.734 2358.766 18.132
3000 1743.338 1756.253 130.091 12.915 92.922 10762.50 333.932 241.010 10958.90 32.818 7909.403 2853.097 21.932
4000 1743.338 1760.215 130.091 16.877 92.922 14064.16 333.932 241.010 15935.03 47.719 11500.84 2563.324 22.632
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a. Sorption curve for carbon dioxide
—t—■ 
500 1000 1500 3000 3500 40002000 2500
Gauge Pressure (kPa)
■Bomb C 
•Bomb E
b.Sorption curve for carbon dioxide/methanc gas mixture
■Bomb 3 
-Bomb H
Figure 4.1 Sorption test profile of carbon dioxide, mixed gases and methane
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c. Sorption curve for methane
3 i>
Figure 4.1 Cont. Sorption test profile of carbon dioxide, mixed gases and methane
Chapter Four -Experiment Investigation-Procedure, Result, Analysis and Discussion 4-6
Table 4.2 Gas content of coal in (cm^/gm) between 1000kPa-4000 kPa confining 
pressures.
Sample Site Bomb No Gas 1000 kPa 2000 kPa 3000 kPa 4000 kPa
(Colliery) (cm3/g) (cm3/g) (cm3/g) (cm3/g)
Tower A CH4 4.177 9.753 13.928 16.260
Tower B CH4 4.572 9.730 13.043 14.500
Tahmoor C C02 14.172 19.533 25.847 32.992
Tahmoor E C02 13.714 18.651 25.059 31.366
Tahmoor H CH4/C02 50% 13.774 19.493 22.515 23.106
Tahmoor 3 CH4/C02 50% 11.695 18.132 21.932 22.632
As can be seen from Figure 4.2 and plots listed in Appendix 3 the CH4 sorption 
isotherms show a gradual change in slope and taper off around 4 000 kPa pressure. 
This indicates a steady adsorption of gas and the attainment of an equilibrium value in 
the vicinity of around 13 m^/t. The C02 isotherms, in contrast, are very steep in early 
stages followed by a constant but less steep gradient. This would imply larger volumes 
of gas adsorbed at lesser pressures and then a regular increase in adsorption as pressure 
increases.
The adsorption behaviour of mixed gases can be seen in Figure 4.2. Approximately the 
same quantity of CO2 adsorbed per gram of coal, is adsorbed by the CH4/CO2 mixture, 
therefore it would be impossible to assume that only, the CO2 is being adsorbed. This 
is backed up by experiments Ogle (1984) and Lama, (1984).who measured the change 
in gas composition as shown in Figures 4.3 a, b. The ratio increases indicate more CH4 
in the bomb; therefore more CO2 is being adsorbed.
(ii) Desorption test
Figure 4.4 shows typical desorption test results. It can be seen that there was a general 
trend in gas desorption with most of the gases released within less than 45 sec from the 
moment of the gas release to atmosphere. The rate of gas release declined 
considerably, tapering off to a constant rate. The nature and rate of gas release was 
dependent on the type of the gas used. For mixed gases, desorption tests carried out by 
many researchers, Lama (1982), Ogle (1984), Noble (1983), Siahaan (1990) and Faiz 
(1993), indicated that the rate of desorption of CH4 from coal, containing a mixture of 
CO2/CH4, is faster than the CO2. This is probably attributed to the coal’s strong
affinity to CO2.
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In summary the sorption tests showed that
a) coal has greater affinity for CO2 than methane,
b) coal adsorb more CO2 at lower pressures whilst equilibrium for adsorbing,
CH4 is reached earlier, and
c) coal will adsorb CO2 in preference to CH4 and desorb CH4 faster than CO2.
Further discussion on the influence of gas pressure and content on the coal strength is 
dealt with in discussion below. -
4.4 PRECISION DRILLING AND PARTICLE SIZE ANALYSIS
Precision drilling and cuttings particle size distribution experiments were carried out on 
39 samples collected from various mines. The procedure for drilling coal samples and 
subsequently the analysis of the particle size distribution of the drill cuttings were 
carried out in accordance with previous test practices, Kelly (1991) and Cui (1990). 
However, with recent acquisition of the updated version of the Malvern Particle Size 
Analyser (Mastersizer S) it was possible to obtain a better resolution, and hence a much 
wider range of particle size distribution including sizes down to 0.05mm.
4.4.1 Sample preparation and drilling procedure
Core specimens of 54.2 mm diameter with a length of 54.2mm were prepared as 
described above. A total of 39 samples were selected and subsequently tested. The 
selected specimens were inspected for visible signs of macro-fractures which could 
influence test results. Tests were conducted on samples under normal atmospheric 
conditions and in confined gas pressures of 1500 kPa. The gases used were CH4, CO2 
and CH4/CO2 (50/50) mixtures. Specimens tested in air had a 2 mm deep and 10 mm 
wide notch cut on the top surface of each specimen as shown in Figure 4.5. The cutting 
of the notch was made in order to allow the air to circulate through the hole during 
drilling in of the coal and to assist in removing drill cuttings. The specimens tested 
under confined gas pressures did not require a notch as the drill cuttings were removed 
from the drill hole by the desorbing gas from the borehole wall which was sufficient to 
eject the cuttings. Additional suction pressure was provided by an externally connected 
suction pump connected to the filter chamber.
The procedure adopted for the installation and drilling of each sample was in 
accordance with the steps reported by Cui (1990). The general steps of testing are listed 
in Appendix 4. Briefly, each specimen was mounted between the loading plates in the 
gas chamber and held in place with a minimum of axial load applied manually by 
turning the socket
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Figure 4.5 A notched specimen
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on top of the drill frame as shown in Figure 3.6. The sample was then drilled for a 
predetermined length of 30 mm at a constant drill speed of 1722 rpm with applied drill 
thrust of 9.81 kN kg (10 kg). The drill cuttings were collected in a drill cutting 
container as shown in Figure 3.11. Drilling was conducted under both atmospheric 
pressure condition and increased confining gas pressure. When drilling under the 
confined gas pressure condition the sealed chamber was first exhausted for a period of 
one hour and then gradually charged with gas. Tests under normal atmospheric 
pressure condition required no sealing of the drill chamber.
Table 4.3 shows the drill speed records of all the specimens tested both at atmospheric 
pressure and under confined gas pressures. The table contains the time taken to drill a 
30 mm deep, 6.5 mm diameter hole. The weight of the drill cuttings was measured by 
an electronic balance down to 1 mg resolution.
Table 4.4 shows the results of the particle size distribution analysis. The table contains 
the various particle size distribution ranges between 110 pm and 1.2 pm for samples 
tested under gas confined and unconfined (i.e., atmospheric condition) state. Figure 4.6 
shows the bar chart presentation of the range of particle size distribution. Additional 
information is shown in Appendix 5. As can be seen, the particle size distribution for 
the samples drilled under atmospheric air pressure condition yielded particle sizes 
relatively finer those obtained from samples drilled under gas pressures. Some samples 
tested under confined pressures were not preconditioned previously and prior to placing 
in the pressure chamber for testing. Preconditioning is defined as subjecting coal 
samples to gas pressures for a prolonged period of time in Adsorption/Desorption 
bombs until saturation, prior to placing them in the pressure chamber for drilling.
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Table 4.3 Drill speed records of various coal samples drilled in precision drill
Samples Drill Time 
min
Drill Rate 
mm/sec
Drill Rate 
mm/min
Samp. Wt
g
APl/CH4/Outbye approaching Shear Zone 0.27 1.85 111.11 1.536
AP2/CH4/Outbye approaching Shear Zone 1.08 0.46 27.78 1.521
AP3/CH4/Outbye approaching Shear Zone 1.43 0.35 20.98 1.550
AP4/CH4/Outbye approaching Shear Zone 1.15 0.43 26.00 1.590
AP5/CH4/ Outbye approaching Shear Zone 1.33 0.38, 25.56 1.530
AP6/CH4/ Outbye approaching Shear Zone 1.08 0.46 27.78 1.538
AP2m2/CH4/ Inbye a cross Shear Zone 1.00 0.50 30.00 1.565
AP5m2/CH4/ Inbye a cross Shear Zone 0.24 2.08 125.00 1.570
AP5ml/CH4/ Appin a cross Shear Zone 1.30 0.38 23.08 1.520
Appin 100m /CH4/ 100m in outbye App. sh. 0.42 1.19 71.43 1.555
Appin 100m/ CO2/ 100m in outbye App.Sh. 0.42 1.19 71.43 1.579
Appin lOOm/Atmosph 100m in outbye App. 0.46 1.08 65.22 1.577
MT 10m /CH4 Approaching Shear Zone 0.37 1.35 81.08 1.577
MT 10m /CH4/Approaching Shear Zone 0.34 1.47 88.24 1.536
MT /Air Press/at Fault Zone 0.36 1.39 83.30 1.520
MT /Atmosph/ at Fault Zone 0.56 0.89 53.60 1.535
MT /CH4/at Fault Zone 1.15 0.43 26.00 1.585
MT /CH4+C02/at Fault Zone 0.44 1.14 68.18 1.611
MT/CO2/ at Fault Zone 0.46 1.09 65.22 1.535
MT 5m Out of Fault/CH4 1.50 0.33 20.00 1.528
MT 5m Out of Fault/ CH4 0.49 1.02 61.22 1.511
MT 25m Out of Fault/CH4 0.40 1.25 75.00 1.571
MT 25m Out of Fault/CH4/ 0.25 2.00 120.00 1.546
MT 25m Out of Fault/C02 1.05 0.48 28.57 1.520
MT 25m Out of Fault/CH4+C02 0.47 1.06 63.83 1.591
MT 25m Out of Fault/CH4+CC>2 0.45 1.11 66.67 1.515
MT 25 m Out of Fault/Atmosph 0.44 1.14 68.18 1.511
MT 25m Out of Fault/Air Press. 0.47 1.06 63.83 1.521
MT 2m Out of Fault Zone/CH4 0.34 0.42 88.24 1.530
MT 4m Out of Fault Zone/CH4 . 1.03 0.48 29.13 1.560
MT 5m Out Fault Zone/ CH4 0.19 2.63 157.89 1.570
Sample 2/Tower/CH4/Nepean H. (panel) 0.22 2.27 136.36 1.589
Sample D/Tower/CFLt/Nepean H. (panel) 1.14 0.43 ’ 26.31 1.540
Sample E/Tower/CH4/Nepean H. (panel) 1.50 0.35 20.00 1.543
Sample I /Tower/CH4/Nepean H. (panel) 1.10 0.45 27.27 1.535
Sample KJ Tower/ CH4/ Nepean H. (panel) 1.10 0.45 27.27 1.570
Wl/WestCliff/CH4/Section 102, B Heading 0.27 1.85 111.11 1.470
W2/WestCliff/CH4/ Section 102/ B, Heading 1.18 0.42 25.42 1.640
W4/WestClift/CH4/ Section 102, B Heading 1.20 0.42 25.00 1.574
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Table 4.4 Particle size distribution of drilling cuttings from various coal samples
N
0.
Samples 110-53.3
pm
53.3-25.8
pm
25.8-11.6
pm
11.6-5.21
pm
5.21-234
pm
2.34-1.22
pm
1. API/CH4 19.4 38.5 21.5 12.9 7.5 0.2
2. AP2/CH4 6.9 36.8 28 19.5 8.7 0.1
3. AP3/CH4 2.3 42.0 25.8 17.5 11.1 0.5
4. AP4/CH4 24.9 32.7 20.8 13.7 7.6 0.3
5. AP5/CH4 0.1 7.5 27.7 40.6 22.4 1.7
6. AP6/CH4 2.7 39.3 26.6 19.2 10.9 1.3
7. AP2m2/CH4 0.0 10.1 32.4 34.8 20.9 1.8
8. AP5m2/CH4 0.0 22.1 36.5 28.7 12.0 0.7
9. AP5ml/CH4 19.9 31.2 23.3 15.2 8.8 0.5
10 Appin 100m /CH4 0.4 30.1 35.9 24.3 9.2 0.1
11 Appin 100m/ CO2 6.1 30.7 29.8 20.1 12.3 1.0
12 Appin lOOm/Atmosph 0.0 3.6 27.7 40.8 24.9 2.9
13 MT 10m Approaching/CH4 1.9 34.5 26.6 22.0 13.3 1.7
14 MT 10m Approaching/CH4 10.7 34 25.4 18.4 10.8 0.7
15 MT AT FAULT/Air Press 0.2 7.3 37.5 33.6 19.9 1.4
16 MT AT FAULT/Atmosph 0.0 0.0 11.6 47.8 35.9 4.5
17 MT AT FAULT/CH4 0.0 17.9 27.3 32 19.7 2.8
18 MT AT FAULT/CH4+CO2 20.4 35.8 22.4 13.2 7.6 0.1
19 MT AT FAULT/ CO2 15.9 33.4 25.3 15.4 9.3 0.5
20 MT 1M out ofFault/CH4 1.1 30.8 31.6 22.7 13.0 0.8
21 MT 2M out of Fault/CH4 0.0 14.2 31.4 32.9 18.6 2.6
22 MT 4M out of Fault/CH4 0.0 14 30.5 31.5 21.7 2.2
23 MT 5M out of Fault/CH4 0.0 30.2 27.5 24.6 16.1 1.6
24 MT 25m out of Fault/CH4 0.0 0.0 0.0 44.5 48.9 5.8
25 MT 25m out of Fault/CC>2 4.2 36.3 27.1 19.5 12.4 0.5
26 MT25m out of Fault/CH4/C02 19.9 36.3 23.1 14.0 8.1 0.1
27 MT25m out of Fault/ Atm 0.0 0.0 17.9 47.1 32 2.9
28 MT 25m out of Fault/Air Pre. 0.0 0.0 16.2 48.5 32.2 3.0
29 Sample 1/ Tower / CH4 # 0.0 0.5 29.1 38.2 24.8 5.7
30 Sample 2/Tower/CH4 # 1.2 3.8 27.3 41.1 22.8 3.2
31 Sample D/Tower/CH4 # 0.0 0.0 3.8 50.3 41.2 4.5
32 Sample E/Tower/CH4 # 0.0 0.0 22.5 . 45.9 24.2 5.6
33 Sample I /Tower/CH4 # 0.0 0.0 14.6 55 25.4 3.9
34 Sample K/Tower/CH4 # 0.0 . 0.0 24.6 48.6 22.9 3.4
35 Wl/WestCliff/CH4 16.1 34.0 25.2 15.8 8.2 0.7
36 W2/WestCHff/CH4 1.9 32.4 24.9 23.9 14.7 2.0
37 W4/WestCliff/CH4 1.1 32.1 26.1 24.7 15.2 1 0.8
* pm - micron
# Not fully preconditioned
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ĤO/âmqoBQjddv moi XW
t'H3/3u!'PBOjddV moi XW
% UOIP^JJ
Fi
gu
re
 4
.6
 B
ar
 c
ha
rt 
of
 th
e 
pa
rti
cl
e 
si
ze
 d
is
tri
bu
tio
n 
of
 d
ril
le
d 
co
al
 c
ut
tin
g-
M
et
ro
po
lit
an
 C
ol
lie
ry
Chapter Four -Experiment Investigation-Procedure, Result, Analysis and Discussion 4-16
4.5 PETROGRAPHIC STUDY OF COAL STRUCTURE
4.5.1 Introduction
Petrographic study involved an optical microscopic analysis of the changes in coal 
structure as a result of gas sorbed under pressure in coal. Of particular interest was the 
determination of the changes in the coal’s various maceral component distributions as a 
result of gas pressurisation. These changes may be an indication of the changes in coal 
strength. A Leitz Ortholux I microscope fitted with a Leitz MPVI photometer powered 
by a Knott NUP high stability power supply was used for the study. Output from the 
photometer was passed to a Kipp and Zonen lightspot Galvanometer AL3.
4.5.2 Specimen preparation
The coal samples used for the microscopic study were made into polished blocks of 
approximately 20 mm cube size using plastic moulds. The apparatus used for sample 
preparation included the following;
1. Coffee grinder
2. Rubber mould
3. Paper clips
4. Astic resin
5. Methyl Ethyl Ketone Peroxide (Hardener)
6. Riffle
7. Jaw Crusher
8. Vacuum Chamber
9. Chromium Oxide (Cr2 O5)
10., Magnesium Oxide (Mg O)
11. Polishing Turntable
12. 240, 400, 600 and 1200 size carbonundum paper
13. Photomultiplier
14. Galvanometer
16. Microscope with 300X magnification
17. Regular Stage Movement Device
The coal samples were crushed in special jaw crushers to particle sizes between 
approximately 100 pm and 0.7mm. A 0.7 mm sieve was used to separate out the larger 
fraction. The oversize particles were re-crushed until all the coal particles were <0.7 
mm. A riffle was used to aid in the collection of representative samples of enough
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quantity to half fill the rubber mould. A cold setting polyester resin, consisting of 98% 
astic resin and 2% hardener was mixed and added to fill the mould.
The specimen moulds were thoroughly stirred with a paper clip so that all coal grains 
were in direct contact with the resin. The block specimens were then placed in a special 
vacuum chamber at 70 kPa (absolute) for two minutes to remove air bubbles. Once the 
specimens were mixed to a satisfactory standard and all air bubbles expelled, they were 
then left to set for 24 hours. ..
The final step in sample preparation was specimen polishing carried out on a rotating 
lapping machine. It was important to produce a highly polished face on the specimens 
to allow the collection of accurate reflectance data and to aid in maceral identification. 
A coarse carborundum paper was initially used to remove sharp edges from one face of 
the specimen to allow for easy handling. The 240 grit carbonundum paper was used to 
polish the opposite face manually. After several strokes, the specimen was rotated 90° 
and polishing continued. The specimen face was periodically flushed with water and 
cleaned with a soft cloth. This process was repeated using the 400, 600 and 1200 grit 
papers successively until a shiny and smooth face was created.
A small amount of chrome oxide mixed with water was used to polish the sample on a 
rotating lap. The lapping machine was switched on and the specimen face was firmly
o
and evenly applied to the lap for a few seconds. The specimen was rotated 90 and 
applied to the lap again. The sample was finally washed and cleaned to remove the 
polishing agent. A small amount of magnesium oxide, particle size about 0.05 mm was 
mixed with water was used in another lap and the polishing process was repeated. The 
highly polished specimen received a final cleaning. The aim of this exercise was to 
successively polish the specimen to greater degrees of smoothness, to remove surface 
scratches, and to create a surface of utmost quality free from surface roughness.
4.5.3 Point Counting
Point count analysis utilised a Swift automatic point counter and mechanical stage. The 
composition of the specimens was examined under oil immersion with a microscope at 
a total magnification of 320X. A mechanical stage was used to move the specimens 
under the objective lens in a regular manner. Point counts were thus carried out with 
regular east west (or column) spacings of 0.6 mm and north south (or row) spacings 
also of 0.6 mm. These spacings were selected so that the likelihood of counting any 
one particular grain (maximum size of 0.7 mm) twice was very low.
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The objective lens had a small cross-hair inscribed in its centre. Each time the lens was 
moved to a new position the coal component under the cross-hair was identified and 
recorded. Where the movement controller moved the objective lens and cross-hair over 
the specimen resin, the point was ignored and the lens moved to the next point. A 
minimum of 500 points was counted for each specimen in this manner. Care was taken 
to ensure that point readings were taken to the end of the last row (the row in which the 
500th point was recorded), so as not to create a composition bias due to grain 
sedimentation in the resin.
Each coal component was classified into one of the following maceral components;
1. Vitrinite
2. Liptinite
3. Inertinite
4. Minerals
Table 4.5 shows the point count record of coal samples from various mines. The table 
contains the following count records;
i) point count records of drill cuttings from coal samples being pressurised to 
saturation at 1500 kPa pressure. The gases used were CH4, CO2 and CH4/CO2
mixture, and
ii) point count records of drill cuttings from coals drilled under normal atmospheric 
pressure state.
It can be seen from the Table 4.5 that there appear to be changes in the proportions of 
the coal macerals group for coal samples drilled under different environment.
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Table 4.5 Petrographic analysis of Bulli Coal
SAMPLE TEL DES F SF INR MM
% % % % % %
Appin 5M2 42.6 36.6 3.0 10.2 5.2 1.6
Appin 5M2(CH4) 32.2 44.8 1.2 14.8 3.8 2.9
Mt @ Fault 2.0 25.8 8.2 37.2 18.4 6.4
Mt @ Fault (CH4) 1.5 20.3 - 52 14.7 6.5
Mt 25 M l 22.8 22.8 3.8 36.2 9.2 3.6
Mt 25 M1(CH4) 16.7 28.2 0.30 40.4 9.5 3.2
Tahmoor T1 21.6 26.8 8.4 28.4 7.4 5.7
Tahmoor T1 (CH4) 9.9 36.7 0.6 31.6 12.1 4.8
Mt 10M1 6.0 21.6 6.6 35.6 14.0 13.4
Mt 10M1(CH4) 3.6 26.3 0.6 38.4 19.3 6.7
Twr W1 30.6 17.0 8.6 32.8 5.6 5.0
Twr W1(CH4) 13.8 31.2 0.6 40.3 6.3 5.7
Twr W2(CH4) 9.0 34.6 1.0 34.0 11.5 4.8
Tahmoor T2 39.0 15.5 26.0 10.0 4.5 4.8
Tahmoor T2(CO,) 11.7 20.2 22.0 30.0 7.4 6.1
Tahmoor T3(C02) 11.1 20.8 2.8 47.0 8.8 6.1
Tahmoor T4(CO?) 9.9 23.3 0.5 49.3 9.3 5.0
Tahmoor T5(CH4/CO,) 12.2 23.3 0.4 46.4 9.4 4.8
Tahmoor T6(CH4/C 02) 24.5 16.3 1.1 40.8 11.0 3.1
TEL: Telecollinite, DES: Desmocollinite, F:Fusinite 
SF: Semi-fusinite, INR: Inertodenite, MM:Mineral Matter
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4.6 DISCUSSION:
The particle size distribution results shown in Table 4.4 indicated that for samples 
drilled under normal atmospheric air pressure condition (samples with a notch), the 
particle sizes were relatively finer than those samples obtained from coals drilled under 
confined gas pressures. For example, the Appin sample No 12, drilled under normal 
atmospheric pressure condition (i.e. sample drilled in air), 68.6% of the particle sizes 
were smaller than 11.6 pm. In contrast the average values for the same range for other 
11 samples (i.e., samples Nos. 1 to 10), drilled under CH4 confined gas pressures of
1500 kPa, was averaged about 40.0%. Similar trends were also found from testing 
samples from Metropolitan Colliery (samples between 20 and 23 tested in CH4 gas and
sample 28 being tested under atmospheric condition).
Also samples tested from tectonically disturbed zones (that is fault/shear zones) had 
relatively coarser particles sizes than those samples tested elsewhere. As the samples 
moved away from the fault/shear zone, there was a gradual decrease in coarse particle 
sizes as demonstrated from the results of the tests conducted on Metropolitan coal 
samples (sample Numbers 20, 21, 22, 23 and 24). However, there were exceptions to 
this trend as shown in the results of the samples No. 25 and 26 respectively. The 
proportion of coarse particles increased when the confined gas was changed to CO2 or 
CH4/CO2 mixture as shown in the test results of samples No. 25 and 26 respectively. 
Although the number of samples tested under normal atmospheric conditions were 
relatively small in comparison to the number of samples tested under gaseous 
confinement, nevertheless the results show a definite trend which requires further 
research on coals from other seams and from other districts. All this indicates that the 
presence of confining pressure has a detrimental effect on the strength of coal. It is 
possible that the presence of sorbed gases in coal at higher pressures may weaken the 
coal tensile strength by introducing micro-cracks into the coal structure. According to 
established facts and recently reported by Gray (1995), heavily fractured and soft rocks 
usually produce coarse drill cuttings with high rate of drill penetration. The increased 
rate of drilling with respect to coal test condition is shown in Table 4.3. Other studies 
on the effect of particle size on the sorption characteristics of coal were reported by 
Crosdale and Beamish (1995), Nandi and Walker (1975) and Barker-Read and 
Radchenko (1989).
It is also noteworthy to mention that drilling in heavily fractured rocks produces a high 
proportion of large drill cuttings and this will be achieved at lower specific energy as 
reported by Fairhurst (1964) and Roxborough(1981).
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In addition to the above findings the following petrological analysis reinforces the 
influence of gas pressure on coal strength. As can be seen in Table 4.5. the microscopic 
point-count analysis of coal samples based on the changes to coal macerals structures 
showed:
a) The percentages of telecollinite values obtained with samples not subjected to 
high gas pressure exposure were generally higher than those obtained from the 
samples subjected to high gas pressures of either CH4, C02 or CH4/C02.
b) The percentages of desmocollinite values obtained from samples not subjected 
to high gas pressure exposure were generally lower than those obtained from the 
samples which have been saturated with either of CH4, C02 or CH4/C02 gases at 
high pressures
c) The percentages of fusinite values obtained from samples not subjected to high 
gas pressure exposure were generally higher than those values obtained from 
coals saturated with gas at high pressures
d) The percentages of semifusinite values obtained from samples not subjected to 
high gas pressure exposure were generally lower than those samples saturated 
with gas at high pressures
e) There was no definite trend in the inertinite structural behaviours.
Obviously these findings are contrary to the previous school of thought-that is the 
presence of gas has no effect on coal structures. However, one possible explanation of 
this phenomenon is that the presence of gas in coal forces apart coal macerals, 
particularly at high rate of gas desorption during drilling of coal. This reduces the 
proportion of large structured vitrinite maceral components within the viewing circle of 
the "microscope which is attributed to the preferential fracturing properties of vitrinite as 
reported by Faiz (1993). It should also be noted that reduction in Telecolinite values is 
due to the fact that telecolinite fractures easily and that very small grains of fractured 
telecolinite were probably counted as desmocolinite. Desmocolinite is less likely to 
fracture as it is relatively hard formation. The differential effect of sorbed gases on 
different macerals may be attributed to the variation in the porosity of vitrinite and 
inertinite. Gas sorption in vitrinite pore structures occurs mainly in the meso- and 
micro-pores.
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Also the changes in Fusinite and Semifusinite can be attributed to the nature of the 
material. Fusinite has thin walls, large cavities, and easily breakable under pressure. 
Semifusinite has small holes, thick walls, and therefore less liable to fracture under 
pressure.
Finally, the erractic behaviour of the inertinite point count values could be due to the 
substance being fine grained and hard to predict if its composition is less than 20%.
The volume of meso-and micro-pores is high in vitrinite relative to inertinite (Faiz, 
1993). Vitrinite-rich coals emit gas at a faster rate than inertinite-rich coals. Obviously 
further tests are needed to verify these findings as Faiz did not test drill cuttings as has 
been reported in this thesis.
It must also be recognised that each test was carried out on separate samples, and thus 
errors may occur due to the changing nature of coal structure within a very short space 
in the seam and/ or in the sample. However, the fact that similar changes were 
observed from different coal samples as listed in both tables requires further 
investigation.
Finally the use of an up to date particle size analyser enabled the author to probe more 
deeply into particle size technology and this must not be ignored for future tests.
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS
This thesis examined the effect of increased gas pressure on the strength of coal. The 
aim was to relate this phenomenon to the possibility of establishing a procedure or a 
predictive tool for identifying any outburst zones ahead of mining. For this reason 
particular emphasis was focused on the analysis of the particle size distribution from 
drill cuttings obtained from drilling coal samples from outburst prone zones from 
different mines and locations. Other tests conducted included the determination of the 
gas content of coal at various pressures, and examination of the influence of type and 
pressure on the petrographic structure of coal. Particle size analysis was carried out 
using the Malvern Mastersizer S laser Controlled particle size analyser.
The following conclusions were inferred from the study;
5.1 Sorption and Desorption Tests
The sorption tests showed that;
i) coal from the Bulli Seam has in general greater affinity for CO2 than CH4.
ii) the Bulli coal sorbs more CO2 at lower pressures whilst equilibrium for sorbing 
CH4 is reached earlier.
iii) coal will sorb CO2 in preference to CH4 and desorb CH4 faster than CO2-
5.2 Particle Size Analysis
Comparison of cuttings particles from samples under atmospheric pressure to those 
obtained from samples drilled under gas pressures showed the following:
(i) Finer particle sizes were obtained when drilling under normal atmospheric air 
condition in comparison to drilling under confined gas pressure.
(ii) Samples tested from tectonically disturbed zones (that is fault/shear zones) had 
relatively coarser particles sizes than those samples tested elsewhere. For 
samples tested from further away from the fault/shear zone, there was a gradual 
decrease in coarse particle sizes. However, there were exceptions to this trend.
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(iii) There was an increase in the proportion of the coarse particle sizes when the 
confining gas was changed to CO2 or CH4/CO2 mixture.
(iv) The presence of confining gas pressure has affected the strength of coal. It is 
possible that the presence of sorbed gases in coal at higher pressures may have 
weakened the coal tensile strength by introducing micro-cracks into the coal 
structure.
In addition to the above findings the following petrographical analysis reinforces the 
influence of gas pressure on coal strength.
5.3 Microscopic Study of Coal Samples
The microscopic point-count analysis of coal samples based on the changes to coal 
macerals structure showed:
a) The percentages of telecollinite values obtained with samples not subjected to 
high gas pressure exposure were generally higher than those obtained from the 
samples subjected to to high gas pressures of either CH4, C 02 or CH4/C02
b) The percentages of desmocollinite values obtained from samples not subjected 
to high gas pressure exposure were generally lower than those obtained from the 
samples which have been saturated with either of CH4, C 02 or CH4/C02 gases at 
high pressures
c) The percentages of fusinite values obtained from samples not subjected to high 
gas pressure exposure were generally higher than those values obtained from 
coals saturated with gas at high pressures
d) The percentages of semifusinite values obtained from samples not subjected to 
high gas pressure exposure were generally lower than those samples saturated 
with gas at high pressures
e) There was no definite trend in the inertinite structural behaviours
A possible explanation of the changes in this phenomenon is that the presence of gas in 
coal macerals forces apart coal macerals thus reducing the proportions of large maceral 
components within the viewing circle of the microscope. The differential effect of 
sorbed gases on different macerals may also be attributed to the variation in the porosity 
of vitrinite compared to inertinite. Vitrinite pore structures permit higher gas sorption
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in comparison to inertinite, making inertinite less amenable to excessive dissemination
and partings.
Finally the use of up to-date particle size analyser enables deeper probing into particle
size technology. This must not be overlooked for future tests.
5.4 Recommendations
Further research is required in the following areas:
(i) Evaluation of the influence of varying gas pressures on textures of the macérais. 
This is to be carried out for different gases and different macérais.
(ii) Extend the changes with gas pressure to coal tensile strength for different coal 
seams from different coalfields.
(in) Modification to be made to the precision drill gas pressure chamber so that it 
should be possible to drill multiple holes in a coal sample. This should enable 
tests to be conducted under different gas compositions and pressures, thus 
minimising the influence of changing coal structure parameters on the test 
results.
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APPENDIX 1
GAS SORPTION DATA
TABLES
1  1 1 1-------------- 1---------------- 1------------------1-------------- 1---------------
T ab le  A L I  D e te rm in a tio n  ol the  gas co n ten t ot coal by the G rav im e tric  T e c h n iq u e
___________ !_____________1_____________ . . .  I I
Bomb Wt. (Wo) = 1570.600 Mine: Tower (Bulli Seam)
Gas :Methane Gas Density (Pg) = 0.0006557 g/cc (NTP), 0.7157 g/cc (STP)
Coal Density (Pc) = 1 .4 g/cc
BOMB MJMBER B
r--------------------
Bomb Wt of Wt. bom b Wt. coal Wt gas Voi. Voi gas A ctual Voi Free gas Free gas Voi. gas Voi. gas
gauge bomb plus coal In In coal In Bom b bom b not voi. In voi o f abs In abs per
pressure plus coal plus gas bomb bomb In bomb bomb Voi. taken by bom b at P bom b with coal at gram  of
(kPa) (W 1 ) (W 2) (W1-WO) (W 2-W 1) (free+abs) (NTP) coal (from  cal.) V1/VO coal NTP coal
0 1 6 9 8 .8 2 2 n/a 1 2 8 .2 2 2 n/a 9 1 .5 8 7 n/a 3 3 3 .9 3 2 n/a n/a n/a n/a n/a n/a
200 1 6 9 8 .8 2 2 1 6 9 9 .4 0 4 1 2 8 .2 2 2 0 .5 8 2 9 1 .5 8 7 8 8 7 .6 0 1 0 4 3 3 3 .9 3 2 2 4 2 .3 4 5 1 1 9 1 .1 2 2 4 3 .5 6 7 8 6 4 .4 3 4 6 2 2 3 .1 6 6 0.181
500 1 6 9 8 .8 2 2 1 7 0 0 .0 0 7 1 2 8 .2 2 2 1 .185 9 1 .5 8 7 1 8 0 7 .2 2 8 9 3 3 3 .9 3 2 2 4 2 .3 4 5 205 0 .3 7 1 6 .1 4 0 1 4 8 8 .0 1 8 3 19 .2 1 1 2 .4 9 0
1000 1 6 9 8 .8 2 2 1 7 0 0 .9 3 0 1 2 8 .2 2 2 2 .1 0 8 9 1 .5 8 7 3 2 1 4 .8 8 4 9 3 3 3 .9 3 2 2 4 2 .3 4 5 3 6 2 2 .0 0 4 4 1 0 .8 4 7 2 6 2 8 .6 0 1 5 5 8 6 .2 8 3 4 .5 7 2
200 0 1 6 9 8 .8 2 2 1 7 0 2 .8 5 8 1 2 8 .2 2 2 4 .0 3 6 9 1 .5 8 7 6 1 5 5 .2 5 3 9 3 3 3 .9 3 2 2 4 2 .3 4 5 6 7 6 2 .4 1 0 20 .251 4 9 0 7 .6 9 1 9 1 2 4 7 .5 6 2 9 .7 3 0
3000 1 6 9 8 .8 2 2 1 7 0 4 .6 8 0 1 2 8 .2 2 2 5 .8 5 8 9 1 .5 8 7 8 9 3 3 .9 6 3 7 3 3 3 .9 3 2 2 4 2 .3 4 5 10005 .811 2 9 .9 6 4 7 2 6 1 .5 2 8 7 1 6 7 2 .4 3 5 1 3 .0 4 3
400 0 1 6 9 8 .8 2 2 1 7 0 6 .5 4 4 1 2 8 .2 2 2 7 .7 2 2 9 1 .5 8 7 1 1 7 7 6 .7 2 7 3 3 3 .9 3 2 2 4 2 .3 4 5 1 3 6 6 5 .5 5 9 4 0 .9 2 3 9 9 1 7 .5 2 1 9 1 8 5 9 .2 0 5 1 4 .5 0 0
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1 * ' — _
ia b ie  A l .z  D eterm in a tio n  ol the gas co n ten t o t coal by the G rav im etric  T ech n iq u e
___________ I____________ i____________ . i
Bomb Wt. (Wo) =  1577.069 Mine: Tahmoor (Bulli Seam)
Gas :Carbon Dioxide Gas Density (Pg) = 0.001963 g/cc (NTP), 0.001798: g/cc (STP)
Coal Density (Pc) = 1.4 g/cc
BOMB NUMBER: C
t
Bomb W to f Wt. bomb Wt. coal Wt gas Voi. Voi gas Actual Voi Free gas Free gas Voi gas Voi. gas
gauge bomb plus coal In In coal In Bom b bom b not voi. In voi o f ab s ln  . abs per
pressure plus coal plus gas bomb bomb In bomb bomb Voi. taken by bomb at P bom b with coal at gram  of
(kPa) (W 1) (W2) (W 1-W 0) (W 2-W 1) (free+abs) (NTP) coal (from cal.) V1/V0 coal NTP coal
0 171 7 .4 8 5 n/a 1 4 0 .4 1 6 n/a 1 00 .2 9 7 n/a 3 3 3 .9 3 2 n /a n/a n/a n/a n/a n/a
200 1717 .485 1 7 2 0 .8 0 2 1 4 0 .4 1 6 3 .3 1 7 1 00 .2 9 7 1689.761 3 3 3 .9 3 2 2 3 3 .6 3 5 1 1 4 4 .0 0 3 3 .4 2 6 8 0 0 .3 9 9 4 2 889 .361 6 .3 3 4
500 171 7 .4 8 5 1 7 2 2 .9 1 6 1 4 0 .4 1 6 5.431 1 00 .2 9 7 2 7 6 6 .6 8 4 3 3 3 .9 3 2 2 3 3 .6 3 5 2 0 2 4 .1 1 2 6.061 1 4 1 6 .1 6 5 9 1 3 5 0 .5 1 8 9 .6 1 8
1000 171 7 .4 8 5 1 7 2 6 .2 2 6 1 4 0 .4 1 6 8.741 1 00 .2 9 7 4 4 5 2 .8 7 8 3 3 3 .9 3 2 2 3 3 .6 3 5 3 5 2 0 .1 0 3 10.541 2 4 6 2 .8 3 3 1 9 9 0 .0 4 5 1 4 .1 7 2
2000 171 7 .4 8 5 1 7 3 2 .2 9 6 1 40 .4 1 6 14.811 1 00 .2 9 7 7 5 4 5 .0 8 4 3 3 3 .9 3 2 2 3 3 .6 3 5 6 8 6 4 .0 0 2 2 0 .5 5 5 4 8 0 2 .3 8 5 3 2 7 4 2 .6 9 9 1 9 .5 3 3
300 0 1 7 1 7 .4 8 5 1 7 3 8 .9 9 2 1 40 .4 1 6 2 1 .5 0 7 1 00 .2 9 7 1 0 9 5 6 .1 9 0 3 3 3 .9 3 2 2 3 3 .6 3 5 1 0 4 7 2 .2 0 0 3 1 .3 6 0 7 3 2 6 .8 5 3 8 3 6 2 9 .3 3 6 2 5 .8 4 7
4 0 0 0 1 7 1 7 .4 8 5 1 7 4 6 .9 9 2 1 4 0 .4 1 6 2 9 .5 0 7 1 00 .29 7 1 5 0 3 1 .5 8 4 3 3 3 .9 3 2 2 3 3 .6 3 5 14863 .121 4 4 .5 0 9 1 0 3 9 8 .9 5 3 4 63 2 .6 3 1 3 2 .9 9 2
A
ppendix A-
1 1
T n  h ie  Ä  1 T D ^ t i ' iT n in n t io n  n f  th e  nns m n t e n t  n f  e n n l b v  th e  G r a v im e t r ic  T e c h n iq u e
i i t >
Bomb Wt. (Wo) = 1641.334 Mine: Tahmoor (Bui i Seam)
Gas :Carbon Dioxide Gas Density (Pg) = 0.001963 g/cc (NTP), 0.001798C g/cc (STP)
Coal Density (Pc) = 1.4 g/cc
B O M B  N U M B E R : E
Bomb Wt of Wt. bom b Wt. coal Wt gas Voi. Voi gas Actual Voi Free gas Free gas Voi gas Voi. gas
gauge bomb plus coal In In coal In Bomb bom b not voi. In voi o f abs In abs per
pressure plus coal plus gas bomb bomb In bomb bomb Voi. taken by bom b a t P bom b with coal a t gram  o f
(kPa) (W1) (W 2) (W 1-W 0) (W 2-W 1) (free+abs) (NTP) coal (from  cal.) V1/VO coal NTP coal
0 1 77 3 .0 1 8 n/a 1 3 1 .6 8 4 n /a 9 4 .0 6 0 n/a 3 3 3 .9 3 2 n/a n/a n/a n/a n/a n /a
200 177 3 .0 1 8 1 7 7 6 .2 2 5 1 3 1 .6 8 4 3 .2 0 7 9 4 .0 6 0 1 633 .72 3 3 3 .9 3 2 2 3 9 .8 7 2 1 1 5 6 .9 9 3 .4 6 5 8 3 1 .0 9 6 8 0 2 .6 2 8 6 .0 9 5
500 177 3 .0 1 8 1 7 7 8 .3 2 5 1 3 1 .6 8 4 5 .3 0 7 9 4 .0 6 0 2 7 0 3 .5 2 3 3 3 .9 3 2 2 3 9 .8 7 2 2 0 4 7 .0 0 1 6 .1 3 0 1 4 7 0 .4 1 4 1233.101 9 .3 6 4
1000 1 77 3 .0 1 8 1 7 8 1 .5 8 3 1 3 1 .6 8 4 8 .5 6 5 9 4 .0 6 0 4 3 6 3 .2 2 3 3 3 .9 3 2 2 3 9 .8 7 2 3 5 6 0 .1 1 2 10.661 255 7 .3 2 1 1 8 0 5 .8 9 9 1 3 .7 1 4
, 200 0 1 77 3 .0 1 8 1 7 8 7 .6 2 8 1 3 1 .6 8 4 1 4 .6 1 0 9 4 .0 6 0 7 4 4 2 .6 9 3 3 3 .9 3 2 2 3 9 .8 7 2 6 9 4 2 .1 0 2 20.7Ö 9 4 9 8 6 .6 9 2 2 4 5 5 .9 9 8 18.651
300 0 1 7 7 3 .0 1 8 1 7 9 4 .4 3 0 1 3 1 .6 8 4 2 1 .4 1 2 9 4 .0 6 0 1 09 07 .7 9 3 3 3 .9 3 2 2 3 9 .8 7 2 1 0 5 9 1 .2 0 2 3 1 .7 1 7 7 6 0 7 .9 3 5 3 2 9 9 .8 6 0 2 5 .0 5 9
4 0 0 0 1 77 3 .0 1 8 1 8 0 2 .0 8 4 1 3 1 .6 8 4 2 9 .0 6 6 9 4 .0 6 0 1 4 8 0 6 .9 3 3 3 3 .9 3 2 2 3 9 .8 7 2 1 4 8 6 3 .0 9 8 4 4 .5 0 9 1 0 6 7 6 .5 4 8 4 1 3 0 .3 8 0 3 1 .3 6 6
—
Appendix A
-5
1 ' : I I--------------------- 1-------------------- 1----------------
------------------ — ------------------- -
, f -  j--------------------- 1-------------------- 1----------------
T a b le  A 1 .4  D e te rm in a tio n  of the  gas co n ten t o f  coal by the G rav im e tric  T ec h n iq u e
____________ 1____________ 1____________ l I
Bom b W t. (W o) = 1481 .043 M ine: Tahm oor (Bulli S eam )
G as -.Carbon D ioxide/M ethane mix G as  Density (Pg) = 0 .0012 g/cc (N T P )
C oal Density (Pc) = 1.4 g/cc
BOMB NUMBER: 3
Bomb W to f Wt. bomb Wt. coal Wt gas Voi. Voi gas Actual Voi Free gas Free gas Voi gas Voi. gas
gauge bomb plus coal In In coal In Bomb bom b not voi. In voi o f abs In abs per
pressure plus coal plus gas bomb bomb In bom b bomb Voi. taken by bom b at P bom b with coal at gram of
( K M (W 1 ) (W2) ' (W 1-W 0) (W 2-W 1) (cc) (freei-abs) (NTP) coal (from  cal.) V1/VO coal NTP coal
0 1610.861 n/a 129.818 n/a 92.727 n/a 333.932 241.205 n/a n /a n /a n/a n/a
200 1610.861 1612.858 129.818 1.997 92.727 1664.17 333.932 241.205 1539.539 4.610 1112.0356 552.13103 4.253
500 1610.861 1614.585 129.818 3.724 92.727 3103.33 333.932 241.205 2685.938 8.043 1940.0995 1163.2339 8.960
1000 1610.861 1617.088 129.818 6.227 92.727 5189.17 333.932 241.205 4708.572 14.100 3401.083 1788.0837 13.774
2000 1610.861 1621.683 129.818 10.822 92.727 9018.33 333.932 241.205 8981.968 26.898 6487.8308 2530.5026 19.493
3000 1610.861 1626.067 129.818 15.206 92.727 12671.67 333.932 241.205 13496.510 40.417 9748.7625 2922.9041 22.515
4000 1610.861 1630.661 129.818 19.800 92.727 16500.00 333.932 241.205 18690.370 55.971 13500.377 2999.6226 ___23.106
js
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T a b le  A  1.5 D e te rm in a tio n  o f  the gas co n ten t o f  coal by the G rav im e tric  T e c h n iq u e
l 1 I I
B o m b  W t. (W o )  = 1 6 1 3 .2 4 7 — M in e :  T a h m o o r  (B u lli S e a m )
G a s  -.C arb o n  D io x id e / M e th a n e  m ix G a s  D e n s ity  (Pg) = 0 .0 0 1 2 g/cc (NTP
C o a l D e n s ity  (Pc) = 1 .4 g/cc
BOMB NU MBERl H — — —------ —
/
Bomb Wt of Wt. bomb Wt. coal Wt gas Voi. Voi gas Actual Voi Free gas Free gas Voi gas Voi. gas
gauge bomb plus coal In In coal In Bomb bomb not voi. In voi o f abs In abs per
pressure plus coal plus gas bomb bomb In bomb bomb Voi. taken by bom b at P bom b with coal at gram  of
(kPa) (W1) (W2) (W 1-W 0) (W 2-W 1) (free+abs) (NTP) coal (from  cal.) V1/VO coal NTP coal
0 1 74 3 .3 3 8 n/a 130 .091 n/a 9 2 .9 2 2 n /a 3 3 3 .9 3 2 n/a n/a n/a n /a n/a n/a
200 1 7 4 3 .3 3 8 1 7 4 4 .9 1 2 130.091 1 .5 7 4 9 2 .9 2 2 1 3 1 1 .6 6 7 3 3 3 .9 3 2 2 4 1 .0 1 0 1 2 5 0 .0 7 6 3 .7 4 4 9 0 2 .2 2 2 4 0 9 .4 4 5 3 .1 4 7
5 00 1 7 4 3 .3 3 8 1 7 4 6 .3 5 5 130.091 3 .0 1 7 9 2 .9 2 2 2 5 1 4 .1 6 7 3 3 3 .9 3 2 2 4 1 .0 1 0 2 1 8 0 .9 2 9 6 .531 1 5 7 4 .0 4 9 9 4 0 .1 1 7 7 .2 2 7
1000 1 7 4 3 .3 3 8 1 7 4 8 .4 7 5 130.091 5 .1 3 7 9 2 .9 2 2 4 2 8 0 .8 3 3 3 3 3 .9 3 2 2 4 1 .0 1 0 3 8 2 3 .2 7 0 1 1 .4 4 9 2 7 5 9 .3 8 1 1 5 2 1 .4 5 2 11 .695
2 00 0 1 7 4 3 .3 3 8 1 7 5 2 .4 8 5 130.091 9 .1 4 7 9 2 .9 2 2 7 6 2 2 .5 0 0 3 3 3 .9 3 2 2 4 1 .0 1 0 7 2 9 3 .1 8 4 2 1 .8 4 0 5 2 6 3 .7 3 4 2 3 5 8 .7 6 6 18 .132
300 0 1 7 4 3 .3 3 8 1 7 5 6 .2 5 3 130.091 1 2 .9 1 5 9 2 .9 2 2 1 0 7 6 2 .5 0 0 3 3 3 .9 3 2 2 4 1 .0 1 0 1 0 9 5 8 .9 0 0 3 2 .8 1 8 7 9 0 9 .4 0 3 2 8 5 3 .0 9 7 2 1 .9 3 2
4 0 0 0 1 74 3 .3 3 8 1 76 0 .2 1 5 130.091 1 6 .8 7 7 9 2 .9 2 2 1 4 0 6 4 .1 6 7 3 3 3 .9 3 2 2 4 1 .0 1 0 1 5 9 3 5 .0 3 0 4 7 .7 1 9 1 1 5 0 0 .8 4 2 2 5 6 3 .3 2 4 2 2 .6 3 2
—
—
—
—
----- --------
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APPENDIX 2
CUTTINGS PARTICLE 
SIZE ANALYSIS
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Result: Analysis Report
Sample ID: Tower Sample 2 
Sample File: DOM 
Sample Path: A:\
Sample Notes: Drilled 16/8/95
(no pre-conditioning) 
(not drilled with gas)
Sample Details
Run Number 1 
Record Number 13
Measurement Date: Thu, Aug 31, 1995 11:10AM 
Analysis Date: Thu, Aug 31,1995 11:10AM 
Result Source: Analysed
Range Lens: 300RF mm 
Presentation: 3OH0 
Analysis Model: Polydisperse 
Modifications: None
Beam Length: 2.40 mm 
Particle R.l. = (1.5295. 0.1000);
System Details
Dispersant R.l. = 1.3300]
Sampler None Obscuration: 14 0%  
Residual: 0.227%
Distribution Type: Volume 
Mean Diameters:
0  (4,3] = 50.53 urn
Concentration = 0.0130 %Vol 
D (v, 0.1) = 1.57 urn
D (3, 2] = 2.77 urn
Result Statistics
Density = 1.000 g / cub. cm 
0  (v, 0.5) = 25.16 urn 
__________ Span = 5.175E+00
Specific SA. = 2.1696 sq. m /g  
D(v, 0.9)= 131.77 urn 
Uniformity = 1.633E+00
Sire Low (urn) In % Size High (urn) Under% Size Low (urn) In % Size High (urn) Under%
0.05 0.02 0.06 0.02 6.63 2.25 7.72 24.68
0.06 0.03 0.07 0.05 7.72 2.40 9.00 27.08
0.07 0.05 0.08 0.11 9.00 2.56 10.48 29.64
0.08 0.08 0.09 0.18 10.48 2.75 12.21 32.39
0.09 0.11 0.11 0.29 12.21 3.01 14.22 35.40
0.11 0.15 0.13 0.44 14.22 3.34 16.57 38.74
• 0.13 0.20 0.15 064 16.57 3.73 19.31 42.47
0.15 0.28 0.17 0.92 19.31 4.18 22.49 46.65
0.17 0.39 0.20 1.31 22.49 4.61 26.20 51.26
0.20 0.53 0.23 1.84 26.20 4.98 30.53 56.24
0.23 0.69 0.27 2.53 30.53 5.21 35.56 61.45
0.27 0.80 0.31 3.33 35.56 5.30 41.43 66.74
0.31 0.81 0.36 4.15 41.43 5.27 48.27 72.01
0.36 0.76 0.42 4.91 48.27 4.66 56.23 76.67
0.42 0.71 0.49 5.62 56.23 3.86 65.51 80.54
0.49 0.66 0.58 6.28 65.51 3.04 76.32 83.58
0.58 0.59 0.67 6.87 76.32 2.32 88.91 85.90
0.67 0.54 0.78 7.41 88.91 1.80 103.58 87.70
0.78 0.53 0.91 7.94 103.58 1.50 120.67 89.20
0.91 0.54 1.06 8.47 120.67 1.38 140.58 90.58
1.06 0.56 1.24 9.03 140.58 1.40 163.77 91.98
1.24 0.60 1.44 9.64 163.77 1.45 190.80 93.43
1.44 0.66 1.68 10.30 190.80 1.47 222.28 94.91
1.68 0.72 1.95 11.02 222.28 1.41 258.95 96.31
1.95 0.82 2.28 11.84 258.95 1.24 301.68 97.55
2.28 0.95 2.65 12.78 301.68 0.99 351.46 98.54
2.65 1.10 3.09 1389 351.46 0.74 409.45 99.28
3.09 1.29 3.60 15.18 409.45 0.49 477.01 99.77
3.60 1.51 4.19 1669 477.01 0.23 555.71 100.00
4.19 1.72 4.88 18.41 555.71 0.00 647.41 100.00
4.88 1.92 5.69 20.33 647.41 0.00 754.23 100.00
5.69 2.10 6.63 22.42 754 23 0.00 878.67 100.00
Particle Diameter (pm.)
Mastersizer S Ver. 2.11
Serial Number: 32734-21 06 Nov 95
Figure A2.1 Particle size distribution data for Tower Colliery samples 2
Appendix A-10
Result: Analysis Report
Semple ID: Tower Sample 1
Sample Details
Run Number 1 Measurement Date: Wed. Oct 25,1995 12:12PM
Sample File: DOMOS Record Number. 14 Analysis Date: Wed, Oct 25.1995 12:12PM
Sample Path: A:\ Result Source: Analysed
Sample Notes: Drilled 16/10*95
Preconditioned methane sample 
Drilled with 1500kPa methane
Range Lens: 300RF mm Beam Length: 2.40 mm System Details * Sampler None Obscuration: 23.7 %
Presentation: 30HD Particle R.I. = ( 1.5295, 0.1000); Dispersant R.l. = 1.3300]
Analysis Model: Polyd is perse 
Modifications: None
Residual: 0 260%
Distribution Type: Volume Concentration = 0.0222 %Vol
Result Statistics
Density = 1.000 g / cub. cm Specific S.A. = 2.3696 sq. m / g
Mean Diameters: D (v, 0.1) = 1.71 um D (v,0.5)=  18.49 um D (v, 0.9) = 51.39 um
D [4, 3] = 23.19 urn D [3, 2J = 2.53 um Span = 2.687E+00 Uniformity = 8.403E-01
Size Low (um) In % Size High (um) Under%
0.05 0.04 0.06 0.04
0.06 0.07 0.07 0.11
0.07 0.10 0.06 0.21
0.08 0.14 0.09 0.35
0.09 0.17 0.11 0.52
0.11 0.21 0.13 0.72
0.13 0.25 0.15 0.08
0.15 0.32 0.17 1.29
0.17 0.40 0.20 1.70
0.20 0.51 0.23 2.20
0.23 0.62 0.27 2.82
0.27 0.69 0.31 3.52
0.31 0.69 0.36 4.21
0.36 0.65 0.42 4.86
0.42 0.61 0.49 5.48
0.49 0.58 0.58 6.06
0.58 0.53 0.67 6.59
0.67 0.50 0.78 7.09
0.78 0.51 0.91 7.59
0.91 0.52 1.06 8.12
1.06 0.55 1.24 8.66
1.24 0.60 1.44 9.26
1.44 0.65 1.68 9.91
1.68 0.73 1.95 10.64
1.95 0.84 2.28 11.48
2.28 0.99 2.65 12.48
2.65 1.19 3.09 13.67
3.09 1.44 3.60 15.11
3.60 1.72 4.19 16.83
4.19 2.02 4.88 18.65
4.88 2.33 5.69 21.18
5.69 2.63 8.63 23.81
Size Low (um) In % Size High (um) Urvder%
6.63 2.93 7.72 26.74
7.72 3.23 9.00 29.97
9.00 3.54 10.48 33.51
10.48 3.88 12.21 37.39
12.21 4.27 14.22 41.66
14.22 4.69 16.57 46.35
16.57 5.15 19.31 51.50
19.31 5.61 22.49 57.11
22.49 6.05 26.20 63.16
28.20 6.49 30.53 69.65
30.53 6.54 35.56 76.19
35.56 6.24 41.43 82.43
41.43 5.56 48.27 67.99
48.27 4.58 56.23 92.56
56.23 3.41 65.51 95.97
65.51 2.25 76.32 98.22
76.32 1.26 68.91 99.48
88.91 0.52 103.58 100.00
103.58 0.00 120.67 100.00
120.67 0.00 140.58 100.00
140.58 0.00 163.77 100.00
163.77 0.00 190.80 100.00
190.80 0.00 222.28 100.00
222.28 0.00 258.95 100.00
258.95 0.00 301.68 100.00
301.68 0.00 351.46 100.00
351.46 0.00 409.45 100.00
409.45 0.00 477.01 100.00
477.01 0.00 555.71 100.00
555.71 0.00 647.41 100.00
647.41 0.00 754.23 100.00
754.23 0.00 878.67 100.00
Particle Diameter (pm.)
Mastersizer S Ver. 2.11
Serial Number: 32734-21 06 Nov 95 1
Figure A2.2 Particle size distribution data for Tower Colliery samples 1 (P)
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Result: Analysis Report
Sample 0 :  Tower Sample 2
Sample Details
Run Number 1 Measurement Date: Wed, Oct 25,1995 11:16AM
Sample File: DOMOS Record Number. 5 Analysis Date: Wed, Oct 25,1995 11:16AM
Sample Path: AA Result Source: Analysed
Sample Notes: Drilled 16/10/95
Preconditioned methane sample 
Drilled with 1500kPa methane
Range Lens: 300RF mm Beam Length: 2.40 mm
System Details
- Sampler. None Obscuration: 22 6 %
Presentation: 30HD  
Analysis Model: Polydisperse 
Modifications: None
Particle R.l. = (1.5295, 0.1000); Dispersant R.l. = 1.3300]
Residual: 0.269%
Distribution Type: Volume Concentration = 0.0253 %Vol
Result Statistics
Density = 1.000 g / cub. cm Specific S. A. = 2.1039 sq .m /g
Mean Diameters: D (v, 0.1) = 2.42 urn D (v, 0.5) = 25.05 um D (v. 0.9) = 64.19 um
0 (4 ,3 ]=  33.92 urn D (3. 2] = 2.85 urn Span = 2466E+00 Uniformity = 9.319E-01
Size Low (um) In % Size High (um) Under%
6.63 2.18 7.72 21.16
7.72 2.40 9.00 23.57
9.00 2.66 10.48 26.23
10.48 2.97 12.21 29.20
12.21 3.37 14.22 32.57
14.22 3.87 16.57 36.44
16.57 4.46 19.31 40.90
19.31 5.10 22.49 46.00
22.49 5.76 26.20 51.76
26.20 6.37 30.53 58.13
30.53 6.94 35.56 65.06
35.56 7.32 41.43 72.38
41.43 6.99 48.27 79.38
48.27 6.19 56.23 85.57
56.23 5.03 65.51 90.60
65.51 3.70 76.32 94.30
76.32 2.42 88.91 96.72
88.91 1.37 103.58 98.09
103.58 0.60 120.67 98.69
120.67 0.14 140.58 98.83
140.58 0.00 163.77 98.83
163.77 0.00 190.80 98.83
190.80 0.00 222.28 98.83
222.28 0.06 258.95 98 89
256.95 0.15 301.68 99.04
301.68 0.19 351.46 99.23
351.46 0.20 409.45 99.43
409.45 0.18 477.01 99.61
477.01 0.15 555.71 99.76
555.71 0.12 647.41 99 88
647.41 0.08 754.23 99.96
754.23 0.04 878.67 100 00
Size Low (um) In % Size High (um) Urvder%
0.05 0.03 n*. 0.06 0.03
0.06 0.06 0.07 0.09
0.07 0.09 0.08 0.19
0.08 ’ 0.13 0.09 0.31
0.09 0.16 0.11 0.48
0.11 0.20 0.13 0.68
0.13 0.25 0.15 0.93
0.15 0.31 0.17 1.24
0.17 0.39 0.20 1.63
0.20 0.47 0.23 2.10
0.23 0.56 0.27 2.65
0.27 0.61 0.31 3.26
0.31 0.60 0.36 3.87
0.36 0.56 0.42 4.43
0.42 0.53 0.49 4.95
0.49 0.49 0.58 5.44
0.58 0.44 0.67 5.88
0.67 0.41 0.78 6.29
0.78 0.41 0.91 6.70
0.91 0.42 1.06 7.12
1.06 0.43 1.24 7.55
1.24 0.46 1.44 8.02
1.44 0.50 1.68 8.52
1.68 0.56 1.95 9.08
1.95 0.64 2.28 9.72
228 0.75 2.65 10.47
265 0.90 3.09 11 38
3.09 1.09 3.60 12.46
3.60 1.30 4.19 13.76
4.19 1.52 4.88 15.28
4.88 1.74 5.69 17.02
569 1.96 6.63 18.99
Particle Diameter (pm.)
Mastersizer S Ver. 2.11
Serial Number: 32734-21 06 Nov £
Figure A2.3 Particle size distribution data for Tower Colliery samples 2 (P)
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Result: Analysis Report
Sample ID: Tahmoor Sample 1
Sample Details
Run Number 1 Measurement Date: Thu, Aug 31, 1995 11:53AM
Sample File: DOM Record Number 24 Analysis Date: Thu, Aug 31, 1995 11:53AM
Sample Path: A:\ Result Source: Analysed
Sample Notes: Drilled 15/6/95
(no pre-conditioning) 
(not drilled with gas)
Range Lens: 300RF mm Beam Length: 2.40 mm
System Details
Sampler None Obscuration: 14.6%
Presentation: 30HD 
Analysis Model: Polydisperse 
Modifications: None
[Particle R.I. = ( 1.5295, 0.1000); Dispersant R.I. = 1.3300]
Residual: 0.233%
Distribution Type: Volume Concentrations 0.0189 %Vol
Result Statistics
Density = 1.000 g / cub. cm Specific S.A. = 1.5604 sq. m / g
Mean Diameters: D (v, 0.1) = 3.66 urn D (v. 0.5) = 32.68 um D(v, 0.9)= 127.38 um
D [4. 3] = 56.55 urn D [3, 2] = 3.85 urn Span = 3.785E+00 Uniformity = 1.303E+00
Size Low(um) In % Size Hiqh (um) Under*
0.05 0.02 „ w 0.06 0.02
0.06 0.03 0.07 0.05
0.07 0.05 0.08 0.10
0.08 0.07 0.09 0.18 ’
0.09 0.10 0.11 0.28
0.11 0.13 0.13 0.40
0.13 0.16 0.15 0.56
0.15 0.21 0.17 0.77
0.17 0.28 0.20 1.05
0.20 0.35 0.23 1.40
0.23 0.43 0.27 1.84
0.27 0.49 0.31 2.32
0.31 0.49 0.36 2.82
0.36 0.46 0.42 3.28
0.42 0.43 0.49 3.71
0.49 0.40 0.58 4.11
0.58 0.36 0.67 4 48
0.67 0.34 0.78 4.81
0.78 0.33 ' 0.91 5.14
0.91 0.33 1.06 5.48
1.06 0.35 1.24 5.83
1.24 0.38 1.44 6.20
1.44 0.41 1.68 6.61
1.68 0.46 1.95 7.08
1.95 0.53 2.28 7.60
2.28 0.62 Z6S 8.22
2.65 0.74 3.09 8.96
3.09 0.89 3.60 9.85
3.60 1.06 4.19 10.91
4.19 1.25 4.88 12.16
4.88 1.44 5.69 13.60
5.69 1 64 6.63 15.23
Size Low(um) In % Size Hiqh (um) Under%
6.63 1.84 7.72 17.07
7.72 2.04 9.00 19.11
9.00 2.27 10.48 21.38
10.48 2.52 12.21 23.90
12.21 2.84 14.22 26.74
14 22 3.21 16.57 29.95
16.57 3.66 19.31 33.61
19.31 4.15 22.49 37.76
22.49 4.67 26.20 42.42
26.20 5.15 30.53 47.57
30.53 5.53 35.56 53.10
35.56 5.77 41.43 58.87
41.43 5.86 48.27 64.74
48.27 5.84 56.23 70.58
56.23 5.26 65.51 75.83
65.51 4.49 76.32 80.32
76.32 3.68 88.91 84.01
88.91 2.05 103.58 86.96
103.58 2.34 120.67 89.29
120.67 1.87 140.58 91.16
140.56 1.55 163.77 92.71
163.77 1.34 190.80 94.05
190.80 1.21 222.28 95.26
222.28 1.11 258.95 96.37
258.95 1.00 301.68 97.37
301.68 0.87 351.46 98.24
351.46 0.70 409.45 98.94
409.45 0.53 477.01 99.47
477.01 0.35 555.71 99.82
555.71 0.18 647.41 100.00
647.41 0.00 754.23 100.00
754 23 000 878.67 100.00
Particle Diameter (pm.)
Mastersizer S Ver. 2.11
Serial Number: 32734-21 06 Nov 95
Figure A2.4 Particle size distribution data for Tahmoor Colliery samples 1
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Result: Analysis Report
Sample ID: tahmoor 2
Sample Details
Run Number. 5 Measurement Date: Thu. Aug 31, 1995 10:43AM
Sample File: DOM Record Number. 9 Analysis Date: Thu, Aug 31. 1995 10:43AM
Sample Path: A:\
Sample Notes: ahead of dyke 16/8/95 sample 2 . 0.829g
Result Source: Analysed
Range Lens: 300RF mm Beam Length: 2.40 mm
System Details
Sampler None Obscuration: 19 4%
Presentation: 30HD  
Analysis Model: Polydisperse 
Modifications: None
Particle R.I. = (1.5295, 0.1000); Dispersant R.I. = 1.3300]
Residual: 0.227 %
Result Statistics
Distribution Type: Volume Concentrations 0.0196 %Vol Density = 1.000 g / cub. cm Specific S.A. = 2.6454 sq .m /g
Mean Diameters: D (v, 0.1) = 1.76 um D (v, 0.5) = 24.49 um D (v, 0.9) = 8200 um
D (4, 3] = 41.34 um_____________________ D [3. 2] = 227  um___________ _ __________ Span = 3.276E+00_________________________Uniformity = 1.290E+00___________________
Size Low(um) In % Size .High (um) Under%
0.05 0.06 0.06 0.06
0.06 0.12 0.07 0.18
0.07 0.16 0.08 0.36
0.08 0.23 0.09 0.59
0.09 0.27 0.11 0.86
0.11 0.32 0.13 1.18
0.13 0.37 0.15 1.54
0.15 0.42 0.17 1.96
0.17 0.48 0.20 2.44
0.20 0.54 0.23 298
0.23 0.60 0.27 3.59
0.27 0.63 0.31 4.21
0.31 0.62 0.36 4.83
0.36 0.58 0.42 5.42
0.42 0.55 0.49 5.96
0.49 0.51 0.58 6.47
0.58 0.47 0.67 6.94
0.67 0.44 0.78 7.38
0.78 0.44 0.91 763
0.91 0.45 1.06 8.28
1.06 0.47 1.24 8.75
1.24 0.50 1.44 9.26
1.44 0.55 1.68 9.80
1.68 0.61 1.95 10.41
1.95 0.69 2.28 11.11
228 0.81 265 11.92
2.65 0.96 3.09 1288
3.09 1.14 3.60 14.02
3.60 1.35 4.19 15.37
4.19 1.58 4.88 16.94
4.88 1.81 5.69 18.75
5.69 2.04 663 20.79
Size Low (um) In % Size High (um) Under%
6.63 2.28 7.72 23.07
7.72 2.51 9.00 25.59
9.00 2.77 10.48 28.35
10.48 3.05 12.21 31.40
12.21 3.37 14.22 34.78
14.22 3.74 16.57 38.52
16.57 4.15 19.31 42.67
19.31 4.58 22.49 47.26
22.49 5.00 26.20 52.25
26.20 5.36 30.53 57.61
30.53 5.67 35.56 63.28
35.56 5.93 41.43 69.21
41.43 5.73 48.27 74.94
48.27 5.25 56.23 80 19
56.23 4.56 65.51 84.75
65.51 3.76 76.32 88.51
76.32 2.96 88.91 91.47
88.91 2.24 103.58 93.71
103.58 1.63 120.67 95.34
120.67 1.14 140.58 96.48
140.58 0.76 163.77 97.25
163.77 0.49 190.80 97.74
190.80 0.30 222.28 98.04
222.28 0.21 256.95 98.25
258.95 0.18 301.68 98.43
301.68 0.21 351.46 98.63
351.46 0.25 409.45 98.89
409.45 0.29 477.01 99.17
477.01 0.29 555.71 99.47
555.71 0.25 647.41 99.72
647.41 0.18 754.23 99.91
754.23 009 878.67 100.00
Mastersizer S Ver. 2.11
Serial Number: 32734-21 06 Nov 95
Figure A2.5 Particle size distribution data for Tahmoor Colliery samples 2
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Result: Analysis Report
Sample ID: Tahmoor Sample 1
Sample Details
Run Number 1 Measurement Date: Wed, Oct 25,1995 11:54AM
Sample File: DOMOS Record Number. 7 Analysis Date: Wed, Oct 25,1995 11:34AM
Sample Path: AA Result Source: Analysed
Sample Notes: Drilled 16/10/95
Preconditioned carbon dioxide sample 
Drilled with 1500kPa carbon dioxide
Range Lens: 300RF mm Beam Length: 2.40 mm
System Details
Sampler None Obscuration: 24.8 %
Presentation: 30H 0  
Analysis Model: Polydisperse 
Modifications: None
particle R.I. = (1.5295, 0.1000); Dispersant R.I. = 1.3300]
Residual: 0.229%
Distribution Type: Volume Concentration = 0.0249 %Vol
Result Statistics
Oensity = 1.000 g / cub. cm Specific S.A. = 2.4308 sq . m / g
Mean Diameters: D (v, 0.1) — 1.60 urn D (v, 0.5) = 23.43 urn D (v, 0.9) = 78-27 urn
0  (4. 3] *  36.94 urn D (3, 2] = 2.47 urn Span = 3.273E+00 Uniformity = 1.176E+00
Size Low (urn) In % Size High (urn) Under%
6.63 225 7.72 23.60
7.72 249 9.00 26.09
9.00 2.77 10.48 28.86
10.48 3.09 1221 31.95
12.21 3.47 1422 35.42
14.22 3.92 16.57 39.34
16.57 4.40 19.31 43.74
19.31 4.88 22.49 48.62
22.49 5.31 26.20 53.92
26.20 5.64 30.53 59.57
30.53 5.87 35.56 65.44
35.56 6.03 41.43 71.47
41.43 5.63 48.27 77.11
48.27 4.98 56.23 82.08
56.23 4.16 65.51 86.24
65.51 3.29 76.32 89.53
76.32 2.51 88.91 92.04
88.91 1.88 103.58 93.93
103.58 1.41 120.67 95.34
120.67 1.09 140.58 96.43
140.58 0.87 163.77 97.29
163.77 0.70 190.80 98.00
190.80 0.57 22228 98.57
22228 0.45 258.95 99.02
258.95 0.33 301.68 99.35
301.68 0.23 351.46 99.57
351.46 0.14 409.45 99.72
409.45 0.09 477.01 99.81
477.01 0.07 555.71 99.88
555.71 0.05 647.41 99.93
647.41 0.04 754.23 99.98
754.23 0.02 87867 100.00
Size Low (urn) In % Size High (urn) Under*
0.05 0.04 0.06 0.04
0.06 0.08 0.07 0.11
0.07 0.11 0.08 0.23
. 0.08 0.15 0.09 0.38
0.09 0.19 0.11 0.57
0.11 0.24 0.13 0.81
0.13 0.29 0.15 1.10
0.15 0.36 0.17 1.46
0.17 0.45 0.20 1.90
0.20 0.55 0.23 2.45
0.23 0.65 0.27 3.09
0.27 0.71 0.31 3.80
0.31 0.71 0.36 4.52
0.36 0.68 0.42 5.20
0.42 0.64 0.49 5.84
0.49 0.61 0.58 6.45
0.58 0.56 0.67 '7.01
0.67 0.52 0.78 7.53
0.78 0.51 0.91 8.03
0.91 0.51 1.06 8.54
1.06 0.52 1.24 9.06
1.24 0.55 1.44 9.61
1.44 0.59 1.68 10.20
1.68 0.64 1.95 10.84
1.95 0.73 228 11.57
228 0.84 2.65 12.41
265 0.99 3.09 13.40
3.09 1.17 3.60 14.57
3.60 1.37 4.19 15.94
4.19 1.59 4.88 17.52
4.88 1.80 5.69 19.33
5.69 2.02 6.63 21.35
Figure A2.6 Particle size distribution data for Tower Colliery samples 1 (P)
Appendix A-15
ErmOm E j j T]JU
i f tn o t  a  ; m 'W ! a i n e o
w « « s a t 8 M t w m » i B a ) « 3 « 5 8 a w m ' w a i i 8 t i a « i » i B w « a g i g B a M t ^ ^
M A S T E R S I Z E R
Result: Analysis Report
Sample ID: Tahmoor Sample 2
Sample Details
Run Number 1 Measurement Date: Wed, Oct 25, 1995 11:34AM
Sample R e: DOMOS Record Number 7 Analysis Date: Wed, Oct 25, 1995 11:34AM
Sample Path: A:\ Result Source: Analysed
Sample Notes: Drilled 16/10/95
Preconditioned carbon dioxide sample 
Drilled with 1500kPa carbon dioxide
Range Lens: 300RF mm 
Presentation: 3OH0 
Analysis Model: Polydisperse 
Modifications: None
System Details
Beam Length: 2.40 mm
Particle R.I. = (1.5295, 0.1000); Dispersant R.I. = 1.3300]
Sampler None Obscuration: 24 8 % 
Residual: 0.229 %
Distribution Type: Volume 
Mean Diameters:
0 (4 ,3 ]=  36.94 urn
Concentration = 0.0249 %Vol 
D(v, 0.1)= 1.60 urn
D [3, 2] = 2.47 urn_________
Resuit Statistics
Density = 1.000 g / cub. cm 
D (v. 0.5) = 23.43 urn 
__________ Span = 3.273E+00_________
Specific S A  = 2.4308 sq. m / g 
D (V , 0.9) = 78.27 urn
Uniformity = 1.176E+00___________________
Size Low (urn) In % Size Hiqh (um) Undertfc
0.05 0.04 -c . 0.06 0.04
0.06 0.08 0.07 0.11
0.07 0.11 0.08 0.23
0.08 0.15 0.09 0.38
0.09 0.19 0.11 0.57
0.11 0.24 0.13 0.81
0.13 0.29 0.15 1.10
0.15 0.36 0.17 1.46
0.17 0.45 0.20 1.90
0.20 0.55 0.23 2.45
0.23 0.65 0.27 3.09
0.27 0.71 0.31 3.80
0.31 0.71 0.36 4.52
0.36 0.68 0.42 5.20
0.42 0.64 0.49 5.84
0.49 0.61 0.58 6.45
0.58 0.56 0.67 - . 7.01
0.67 0.52 0.78 7.53
0.78 0.51 0.91 8.03
0.91 0.51 1.06 8.54
1.06 0.52 1.24 9.06
1.24 0.55 1.44 9.61
.1.44 0.59 1.68 10.20
1.68 0.64 1.95 10.84
1.95 0.73 2.28 11.57
2.28 0.84 2.65 12.41
2.65 0.99 3.09 13.40
3.09 1.17 3.60 14.57
3.60 1.37 4.19 15.94
4.19 1.59 4.88 17.52
4.88 1.80 5.69 19.33
5.69 2.02 6.63 21.35
Size Low (um) In % Size High (um) Under%
6.63 2.25 7.72 23.60
7.72 2.49 9.00 26.09
9.00 2.77 10.48 28.86
10.48 3.09 12.21 31.95
12.21 3.47 14.22 35.42
14.22 3.92 16.57 39.34
16.57 4.40 19.31 43.74
19.31 4.86 22.49 48.62
22.49 5.31 26.20 53.92
26.20 5.64 30.53 59.57
30.53 587 35.56 65.44
35.56 6.03 41.43 71.47
41.43 5.63 48.27 77.11
48.27 4.98 56.23 62.08
56.23 4.16 65.51 86.24
65.51 3.29 76.32 89.53
76.32 2.51 88.91 92.04
88.91 1.88 103.58 93 93
103.58 1.41 120.67 95.34
120.67 1.09 140.58 96.43
140.58 0.87 163.77 97.29
163.77 0.70 190.80 98.00
190.80 0.57 222.28 98.57
222.28 0.45 258.95 99 02
258.95 0.33 301.68 99 35
301.68 0.23 351.46 99 57
351.46 0.14 409.45 99.72
409.45 0.09 477.01 99.81
477.01 0.07 555.71 99.88
555.71 0.05 647.41 99.93
647.41 0.04 754.23 99.98
754.23 002 87867 100 00
Mastersizer S Ver. 2.11
Serial Number: 32734-21 06 Nc
Figure A2.7 Particle size distribution data for Tahmoor Colliery samples 2 (P)
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Result: Analysis Report
Sample ID: Tahmoor Sample 4 
Sample File: DOMOS 
Sample Path: A:\
Sample Notes: Drilled 16/10/95
Preconditioned with carbon dioxide / methane 
gas mixture
Drilled under 1500kPa gas pressure_________
Sample Details
Run Number 1 
Record Number 11
Measurement Date: Wed, Oct 25,1995 11:55AM 
Analysis Date: Wed, Oct 25, 1995 11:55AM 
Result Source: Analysed
Range Lens: 300RF mm 
Presentation: 30HD 
Analysis Model: Polydisperse 
Modifications: None
BearrvLength: 2.40 mm 
Particle R l. = ( 1.5295, 0.1000);
System Details
Dispersant R.l. = 1.3300]
Sampler None Obscuration: 24 5 % 
Residual: 0 262 %
Distribution Type: Volume 
Mean Diameters: 
0 (4 ,3 ]=  49.31 urn
Concentration = 0.0308 %Vol 
D (v, 0.1) = 2.81 urn
D P. 2] = 294  urn
Result Statistics
Density = 1.000 g / cub. cm 
D (v, 0.5) = 31.63 um 
Span = 3.469E+00
Specific S.A. = 2.0423 sq. m / g 
D(v, 0.9)= 112.55 um 
Uniformity = 1.137E+00___________
Size Low (um) In % Size High (um) Under%
0.05 0.04 0.06 0.04
0.06 0.08 0.07 0.12
0.07 0.11 0.08 0.23
0.08 * 0.15 0.09 0.38
0.09 0.18 0.11 0.56
0.11 0.22 0.13 0.78
0.13 0.26 0.15 1.04
0.15 0.30 0.17 1.34
0.17 0.37 0.20 1.71
0.20 0.44 0.23 2.15
0.23 0.51 0.27 2.65
0.27 0.55 0.31 3.21
0.31 0.55 0.36 3.75
0.36 0.52 0.42 4.27
„ 0.42 0.49 0.49 4.76
0.49 0.46 0.58 5.22
0.58 0.42 0.67 5.64
0.67 0.40 0.78 6.04
0.78 0.40 0.91 6.43
0.91 0.40 1.06 6.83
1.06 0.41 1.24 7.24
1.24 0.43 1.44 7.67
1.44 0.45 1.68 8.12
1.68 0.48 1.95 8.61
1.95 0.53 2.28 9.14
2.28 0.60 2.65 9.74
2.65 0.70 3.09 10.44
3.09 0.82 3.60 11.26
3.60 0.97 4.19 12.23
4.19 1.13 4.68 13.36
4.88 1.31 5.69 14.67
5.69 1.49 6.63 16.17
Size Low(um) In % Size High (um) Under%
6.63 1.70 7.72 17.86
7.72 1.92 9.00 19.78
9.00 2.17 10.48 21.96
10.48 2.48 12.21 24.43
12.21 2.84 14.22 27.28
14.22 3.27 16.57 30.55
16.57 3.76 19.31 34.31
19.31 4.29 2249 38.60
22.49 4.82 26.20 43.42
26.20 5.29 30.52 48.71
30.53 5.64 35.56 54.35
35.56 5.64 41.43 60.20
41.43 5.89 48.27 66.09
48.27 5.83 56.23 71.92
56.23 5.25 65.51 77.17
65.51 4.53 76.32 81.70
76.32 3 78 88.91 85 48
88.91 3.09 103.58 88.57
103.58 2.51 120.67 91.08
120.67 2.05 140.58 93.13
140.56 1.67 163.77 94.80
163.77 1.38 190.80 96.18
190.80 1.13 222.28 97.31
222.28 0.91 258.95 98.23
258.95 0.72 301.68 98.94
301.68 0.53 351.46 99.48
351.46 0.35 409.45 99.83
409.45 0.17 477.01 100.00
477.01 000 555.71 100.00
555.71 0.00 647.41 100 00
647.41 0.00 754.23 100.00
754.23 0.00 878.67 100.00
Particle Diameter (pm.)
Mastersizer S Ver. 2.11
Serial Number: 32734-21 06 Nov 95
Figure A2.8 Particle size distribution data for Tahmoor Colliery samples 3(P)
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Result: Analysis Report
Sample 10: Tahmoor Sample 3 
Sample Rte: DOMOS 
Sample Path: A:\
Sample Notes: Drilled 16/10/95
Preconditioned with carbon dioxide / methane 
gas mixture
___________ Drilled under 1500kPa gas pressure_______
Sample Details
Run Number 1 
Record Number 10
Measurement Date: Wed, Oct 25,1995 11:52AM 
Analysis Date: Wed, Oct 25,1995 11:53AM 
Result Source: Analysed
Range Leos: 300RF mm 
Presentation: 30HD 
Analysis Model: Polydisperse 
Modifications: None
Beam Length: 2.40 mm 
Particle R.I. = (1.5295, 0.1000);
System Details
», Sampler None
Dispersant R.I. = 1.3300]
Obscuration: 22.0 % 
Residual: 0.261 %
Distribution Type: Volume 
Mean Diameters:
0(4,3]= 46.62 urn
Concentration = 0.0289 %Vol 
D (v, 0.1) = 3.38 urn 
D P, 2] = 3.42 um
Result Statistics
Density = 1.000 g / cub. cm 
D (v, 0.5) = 33.01 um 
Span = 3.071 E+00
Specific S.A. = 1.7546 sq. m / g 
D (v, 0.9) = 104.74 um 
Uniformity = 1.043E+00
Size Low (um) In * Size High (um) Under* Size Low (um) ln% Size High (um) Under*
0.05 0.03 0.06 0.03 6.63 1.67 7.72 16.83
0.06 0.05 0.07 0.08 7.72 1.69 9.00 18.72
0.07 0.08 0.08 0.16 9.00 2.13 10.48 20.85
0.08 0.11 0.09 0.26 10.48 242 1221 23.26
0.09 0.13 0.11 0.40 12.21 2.77 14.22 26.03
0.11 0.17 0.13 0.56 14.22 3.18 16.57 29.21
0.13 0.21 0.15 0.77 16.57 3.66 19.31 32.87
0.15 0.25 0.17 1.02 19.31 4.20 2249 37.07
0.17 0.31 “ 0.20 1.34 22.49 4.76 26.20 41.83
0.20 0.39 0.23 1.72 26.20 5.29 30.53 47.12
0.23 0.46 0.27 2.18 30.53 5.73 35.56 52.85
0.27 0.50 0.31 268 35.56 6.04 41.43 58.88
0.31 0.50 0.36 3.18 41.43 6.21 48.27 65.09
0.36 0.48 0.42 3.66 48.27 6.27 56.23 71.36
0.42 0.45 0.49 4.11 56.23 5.76 65.51 77.12
0.49 0.43 0.58 4.54 65.51 5.04 76.32 82.16
0.56 0.39 0.67 4.93 76.32 4.22 88.91 86 38
0.67 0.38 0.78 5.31 88.91 3.40 103.58 89.78
0.78 0.37 0.91 5.68 103.58 2.66 120.67 9244
0.91 0.38 1.06 6.06 120.67 203 140.56 94.47
1.06 0.39 1.24 6.45 140.58 1.51 163.77 95.98
1.24 0.41 1.44 6.87 163.77 1.12 190.80 97.10
1.44 0.43 1.68 7.30 190.80 0.83 22228 97.93
1.68 0.47 1.95 7.77 22228 0.62 258.95 68.54
1.95 0.52 2.28 8.28 258.95 0.46 301.68 99.00
2.28 0.58 2.65 8.87 301.68 0.34 351.46 99.34
2.65 0.68 3.09 9.54 351.46 0.26 409.45 99.60
3.09 0.80 3.60 10.34 409.45 0.19 477.01 99.79
3.60 0.95 4.19 11.29 477.01 0.13 555.71 99 92
4.19 1.11 4.88 12.40 555.71 0.07 647.41 99.99
4.88 1.29 5.69 13.69 647.41 0.01 754.23 100.00
5.69 1.47 6 63 15.16 754 23 0.00 878.67 100.00
Particle Diameter (pm.)
Mastersizer S Ver. 2.11
Serial Number: 32734-21 06 Nov 95
Figure A2.9 Particle size distribution data for Tahmoor Colliery samples 4 (P)
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APPENDIX 3
SORPTION CURVES 
FOR DIFFERENT GASES
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Figure A3.1 Adsorption curve for methane
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APPENDIX 4
GENERAL STEPS OF 
DRILLING PROCEDURE
Appendix A-22
Appendix 4
Method of drilling coal sample in precision drill
A standard procedure adopted from the installation of a specimen to removing 
it from the chamber after testing included the following:
a) overall check of the instrumentation.
b) mounting a coal specimen between the loading plates in the gas 
chamber.
c) applying a minimum of axial load to hold the specimen between the 
loading plates. The load could be applied and released by turning the 
socket wrench attached to the reversible thrust connector (Figure 3.6).
d) shutting the gas chamber and sealing it completely by tightening all 
the bolts on the front cover of the gas pressure chamber.
e) installing the drilling cutting collection collar on the base plate of the 
drill frame.
f) placing a disc of filter paper in the cuttings collection cylinder and 
connecting it to the vacuum chamber and the cutting collection collar.
g) releasing the upper drill movement limiter to lower the drill until the 
drill bit reached the top surface of the specimen.
h) applying the desired load to the specimen by turning the loading 
socket range, which was 300 kg (2942 N) for this set of tests, the applied force 
being kept constant during the testing period.
i) applying vacuum to the gas chamber first to expel the air and then 
pressurising it for a predetermined period of time in order to saturate the 
specimen with the appropriate gas.
j) establishing the desired drilling thrust force generated by the multi­
pulley system loading (Fig3.9). A suspended load of 4.1 kg generating a 
pulling force of 10 kg.
k) setting the lower collar drill movement limiter to the desired drilling 
depth of 30mm.
l) selecting the desired drill motor speed, by setting the speed 
controller at scale 4, allowing the drill to run at 1722 rpm.
m) switching on the vacuum pump.
n) starting the drill motor and at the same time starting the stop-watch to 
measure the time taken for drilling.
o) stopping drilling as soon as the guide collar reached the drill 
movement limiter, and at the same time stopping the stop-watch.
p) shutting off the gas supply, releasing the gas from the gas chamber 
and opening the gas chamber and extracting the drilled specimens for 
examination.
q) stopping the vacuum motor.
r) disconnecting the collection cylinder from the collar.
s) collecting all the cuttings for cutting weighing and for particle size analysis.
No pressurisation of the chamber was necessary when the specimens were tested 
in free air under normal atmospheric condition, (i.e., ignore points d, i, m and p).
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APPENDIX 5
BAR CHART OF THE 
PARTICLE SIZE 
DISTRIBUTION
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